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Abstract
The study was conducted in Eastern, South-East and Central zones of Tigray region from
September, 2014 up to June, 2015 to determine the occurrence and prevalence of honeybee
diseases and pests; investigate the effect of honeybee disease and pests inflicted on honey bee
colonies and their products; to find out associated potential risk factors for honeybee disease
and pests. Questionnaire survey and laboratory diagnostic methods were used for the study.
In the questionnaire survey, 384 beekeepers (350 male and 34 female) were interviewed.
Similarly, a total of 384 honey bee colonies in 87 apiary sites were examined for the presence
of honeybee external parasites and disease pathogens. Regarding honeybee pests and
predators, the rank index confirmed that the most important pests and predators affecting
honeybee colonies were ants (24.8%), wax moth (24.7%), birds (15.5%), honey badger
(13.7%), lizards (9%), spiders (12%) and death head’s hawks moth (5.4%). The total
honeybee colonies absconded due to the major honeybee pests was estimated to be
1019(38.8%). About 13%, 12.4%, 9.8% and 3.6% of the colonies absconded were due to wax
moth, ants, honey badger and death head’s hawks moth respectively. Colony level prevalence
of Varroa mite was 61.2% and 53.4 % during honey flow and dearth period seasons
respectively. There was statistically significant (p<0.05) variation in overall prevalence of
Varroa infestation between comb age, colony strength, seasons and among agro ecologies
(p<0.01).Management affected the observed prevalence of bee lice with the overall colony
level prevalence of 27.% and 5.73% during honey flow and dearth period seasons,
respectively. Nosema and Chalk brood diseases were detected only during honey flow season
with overall colony level prevalence of 38.8% and 16.9%, respectively. Amoeba was observed
during the study seasons with highest colony level prevalence of 62.5% during the honey flow
season. The result indicated that unlike honeybee pests and predators, the impact of honeybee
external parasites and disease pathogens did not significantly affected honeybee colony
strength. However, long term seasonal colony monitoring would be recommended.
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viii
ABBREVIATIONS
AFB American Foulbrood
CBD Chalk Brood Disease
CSA Central Statistical Agency
EARO Ethiopian Agriculture Organization
EFB European Foulbrood
FAO Food and Agricultural Organization of the United Nations
FERA Food and Environment Research Agency
FTC Farmer’s Training Center
IPMS Improving Productivity and Market Success of Ethiopian Farmers
MoARD Ministry of Agricultural and Rural Development
MoFED Ministry of Finance and Economic Development
NGO Non-Governmental Organization
OIE Office International des Epizooties
SNV Netherlands Development Organizations
UNEP United Nations Environment Program
ix
TABLE OF CONTENTS
Chapter 1. INTRODUCTION.................................................................................................... 1
Chapter 2. LITERATURE REVIEW......................................................................................... 4
2.1. Ethiopian honey bee races and their behavior ................................................................. 4
2.2. Honey bee production system in Ethiopia....................................................................... 5
2.2.1 Traditional beekeeping .............................................................................................. 5
2.2.2. Modern Beekeeping.................................................................................................. 5
2.3. Economic Importance of Honeybees............................................................................... 7
2.3.1. Importance of beekeeping for national economy ..................................................... 7
2.3.2. Potential of beekeeping as income generating activity............................................. 7
2.3.3 Pollination and agricultural productivity ................................................................... 8
2.4. Honey bee constraints in Ethiopia................................................................................... 9
2.4.1 Lack of bee forage ..................................................................................................... 9
2.4.2. Low level and poor quality of technology .............................................................. 10
2.4.3. Honey Bee Diseases and Their Transmission......................................................... 10
2.4.4 Major honey bee pests ............................................................................................. 14
2.4.5 Agrochemicals ......................................................................................................... 17
Chapter 3. MATERIALS AND METHODS ........................................................................... 19
3.1 Description of the study areas ........................................................................................ 19
3.2 Data sources and methods of collection ......................................................................... 20
3.3 Types of data collected................................................................................................... 21
3.4 Sampling technique and Sample size determination ...................................................... 21
3.5 Study design ................................................................................................................... 22
3.6 Laboratory Examination Procedures .............................................................................. 24
3.6.1 Examination of Varroa mites................................................................................... 24
x3.6.2 Examination of Tracheal mite.................................................................................. 24
3.6.3 Examination of Nosema and Amoeba diseases ....................................................... 25
3.6.4 Examination of chalk brood disease ........................................................................ 25
3.6.5 Examination of American Foulbrood and European Foulbrood ............................. 26
3.6.6 Observation of small hive beetle and wax moth...................................................... 26
3.4 Data management and statistical analysis ...................................................................... 27
Chapter 4. RESULTS AND DISCUSSION ............................................................................ 28
4.1 Socio-economic characteristics of the respondent ......................................................... 28
4.2 Beekeeping Practices...................................................................................................... 30
4.2.1 Types and Number of beehives owned by the respondents..................................... 30
4.2.2 Apiary types............................................................................................................. 31
4.2.3 Source of bee colony and means of stock increment ............................................... 32
4.2.4 Honey production and harvesting frequency ........................................................... 34
4.2.5. Honeybee colony Marketing................................................................................... 35
4.3 Major Constraints of beekeeping.................................................................................... 36
4.4 Honeybee Pests and Predators........................................................................................ 38
4.5 Prevalence of Honey Bee Disease and Parasitic Mites .................................................. 43
4.5.1 Prevalence and infestation of Varroa mites ............................................................. 44
4.5.2 Prevalence of Bee lice.............................................................................................. 52
4.5.3 Prevalence of Nosema disease................................................................................. 56
4.5.4 Prevalence of Amoeba disease ................................................................................ 61
4.5.5 Prevalence of Chalk brood disease .......................................................................... 64
4.6 Agro-chemicals application and their effects on honeybee colonies ............................. 68
Chapter 5. CONCLUSION AND RECOMMENDATIONS................................................... 72
REFERENCES......................................................................................................................... 74
APPENDIX.............................................................................................................................. 96
xi
LIST OF TABLES
Table 1. Sex, educational level, livestock and land holding size of the respondents............... 29
Table 2. Age, family size, landholding and experience in beekeeping of respondents ........... 30
Table 3. Average honey yield (kg/hive/year) from traditional and improved frame beehives 34
Table 4. Honeybee colony price in (ETB) in the year of 2014-2015 by districts .................... 36
Table 5. Constraints that hampered the apiculture development in the study areas ................ 37
Table 6. Rank index for major pests and predators of honeybees in the study areas............... 39
Table 7. Effect of pests on honey yield using T-test................................................................ 40
Table 8. Percentage of respondents to the effect of major honeybee pests and predators on
honeybee colony....................................................................................................................... 41
Table 9. Number of honeybee colonies absconded due to honeybee pests and predators in the
year of 2012-2015 .................................................................................................................... 43
Table 10. Apiary level prevalence of varroa mites in inspected apiary sites ........................... 44
Table 11.Colony level prevalence of varroa mites in the study areas...................................... 45
Table 12. Univariate logistic regression analysis of risk factors associated with prevalence of
Varroa mites in honeybee colonies .......................................................................................... 49
Table 13. Seasonal mean comparison of Varroa loads using independent T-test.................... 50
Table 14. Correlations of Varroa load level and colony population ........................................ 51
Table 15.Prevalence of bee lice in inspected apiary sites and honeybee colonies................... 52
Table 16.Univariate logistic regression analysis of potential risk factors associated with
prevalence of bee lice in honeybee colonies ............................................................................ 54
Table 17. Correlations of bee lice and colony performance .................................................... 55
Table 18. Prevalence of Nosema apis in inspected apiaries and honeybee colonies ............... 56
Table 19. Univariate logistic regression analysis of risk factors associated with prevalence of
Nosema apis in honeybee colonies .......................................................................................... 58
Table 20.Mean number of Nosema spores in Nosema infected individual honeybees by agro-
ecology ..................................................................................................................................... 59
Table 21. Correlations of Nosema spore load with honeybee population strength ................. 60
Table 22. Prevalence of malpighamoeba mellificae in inspected sites and honeybee colonies
.................................................................................................................................................. 61
xii
LIST OF TABLES (Continued)
Table 23.Risk factors associated with the prevalence of Amoeba in honeybee colonies ........ 62
Table 24. Correlations of Amoeba positive with honeybee population strength ..................... 63
Table 25.Total number of colonies diagnosed, number of colonies found positive, and
percentage prevalence per inspected sites................................................................................ 65
Table 26. Univariate logistic regression analysis potential risk factors associated with
infection of chalk brood in honeybee colonies ........................................................................ 66
xiii
LIST OF FIGURES
Figure 1. Location map showing the study area ...................................................................... 20
Figure 2. Percentage of traditional and improved frame bee hive owned by the respondents 30
Figure 3. Average number of traditional and improved movable frame beehive owned by
household of the study areas .................................................................................................... 31
Figure 4. Hive placement in the study areas ............................................................................ 32
Figure 5. Source of foundation colony..................................................................................... 33
Figure 6. Means of bee colony increment by the respondents ................................................. 33
Figure 7. Frequency of honey harvesting................................................................................. 35
Figure 8. Purpose of keeping honeybee colonies..................................................................... 35
Figure 9. Responses of beekeepers on the effect of honeybee pests and predators on different
beehives.................................................................................................................................... 39
Figure 10. Responses of beekeepers on the effect of honeybee pests and predators on different
.................................................................................................................................................. 40
Figure 11. Varroa mite ............................................................................................................. 51
Figure 12. Bee lice ................................................................................................................... 55
Figure 13. Chalk brood mummeries (dead brood larvae outside the hive entrance) ............... 67
Figure 14. Crops produced in the study areas .......................................................................... 68
Figure 15. Number of respondents used agro-chemicals in the study areas ............................ 69
Figure 16. Trend of widely used agrochemicals in the study areas (by years) ........................ 70
Figure 17. Effect of agrochemical sprays on honeybee colonies............................................. 71
xiv
LIST OF APPENDIX TABLES
Appendix table 1.Traditional management practices to control honeybee pests and predators
.................................................................................................................................................. 96
Appendix table 2.Hygienic behavior of sample honeybee colonies ........................................ 97
Appendix table 3. Widely used Agrochemicals in the study areas and their uses ................. 100
Appendix table 4. QUESTIONNAIRE FOR BEEKEEPERS ............................................... 102
xv
LIST OF APPENDIX FIGURES
Appendix figure 1.Honeybee diseases Laboratory examination.............................................. 98
Appendix figure 2.Different honeybee pests and predators and disease ................................. 99
Appendix figure 3.Agrochemicals on the market in the study areas ..................................... 101
1Chapter 1. INTRODUCTION
Honeybees play a crucial role in the environment by pollinating flowering plants and
producing bee products (Conte and Navajas, 2008; Bradbear, 2009). These days, apiculture
plays a valuable part in rural livelihoods worldwide (Bradbear, 2009)
The essential and valuable contributions of honeybees depend upon the healthy population of
honeybees (FAO, 2012). The health of honeybees has been one of the most important topics
in apiculture research in recent years (Genersch, 2010). This is mainly associated with the
recent emergence of high honeybee colony losses in many parts of the world (Vanengelsdorp
et al., 2008; Genersch, 2010) and the vulnerability of honeybees to parasitic mites, fungi,
viruses and bacteria (Bradbear, 2009).These pathogens and parasites can have harmful effects
on honeybee health and the services they offer, which in turn can lead to severe economic
losses (Genersch, 2010). Moreover, modern agriculture increasingly depends on the use of
chemical substances to control weeds, fungi and arthropod pests to ensure high yields. Honey
bees may frequently become exposed to environmental chemicals as a consequence of their
foraging activities (Vanengelsdorp and Meixner, 2010; Medrzycki et al., 2013).
It has been reported that several biological and environmental factors acting alone or in
combination have the potential to cause premature colony mortality (Genersch, 2010;
Vanengelsdorp and Meixner, 2010; Vanengelsdorp et al. 2013). In United States the average
honeybee loss per beekeeping operation was 25.4% (Spleen et al., 2013). Similarly, 16 %
honeybee colony reduction has been reported in Europe (Hendrikx et al. 2010; Potts et al.,
2010). The ectoparasitic mite Varroa destructor as well as the bee pathogenic viruses have
been identified as a marker of dramatic colony losses termed colony collapse disorder in the
USA (Genersch 2008); the Microsporidium nosema species and bacterial diseases are causing
economic losses to beekeepers worldwide (Genersch 2008).
Even though, the majority of pathogens and parasites affecting honeybees have an almost
worldwide distribution (Ellis and Munn, 2005), the health status of honeybees in Africa is
poorly characterized (Hepburn and Radloff, 1998; Muli et al., 2014). Varroa mite is reported
to be found in East African countries like Kenya, Tanzanya and Uganda (Frazier et al.,2010;
Muli et al., 2014); South Africa (Swart, 2003; Allospp, 2006); Nigeria (Akinwande et al.,
22013). Nosema Apis were found in South Africa (Swart, 2003); Nigeria (Akinwande et al.,
2013); Kenya (Muli et al., 2014). Trachea mites have been reported in South Africa (Swart,
2003).
Owing to its varied ecological and climatic conditions, Ethiopia is home to some of the most
diverse flora and fauna in Africa. Its forests and woodlands contain diverse plant species that
provide surplus nectar and pollen to foraging bees (Fichtl and Admasu Adi, 1994; Girma
Deffar, 1998). Ranges of applications emerging from apiculture development are enormous
and it is considered a major tool in combating food insecurity, while protecting the
environment (MoARD, 2007; Melaku Gebreyesus, 2012). Although thousands of tones of
honey were produced every year, the products obtained from the subsector were still low as
compared to the potential of the country (MoARD, 2007; Gezahegne Tadese, 2012). This is
attributed mainly to the traditional beekeeping system, frequent drought and honeybee health
problems.
The agro ecology of Ethiopia is not only favorable to honeybees, but also to different kinds of
honeybee pest and predators that are interacting with the life of honeybees (Desalegn Begna,
2001). The local honeybees are challenged by most recognized honeybee pests (Kerealem
Ejigu, 2005; Desalegn Begna, 2012) and some disease present in the world (Desalegn Begna,
2012). The most commonly known honeybee diseases reported to exist in Ethiopia are
Nosema apis and Melpighamoeba mellificae (Gezahegn Tadese and Amsalu Bezabh, 1991;
Amssalu Bezabeh and Desalegn Begna, 2006); Chalk brood (Desalegn Begna , 2006); Some
major types of honeybee pests and predators ( Desalegn Begna ,2001;Desalegn Begna and
Amssalu Bezabeh,2001); Small hive beetle (Aethina tumida Murray; Coleoptera: Nitidulidae)
( Desalegn Begna and Amssalu Bezabh ,2006); different Ants (Dorylus fulvus) ( Desalegn
Begna ,2007); the bee lice (Braula coeca) (Adeday Gidey et al., 2012;  Gemechu Gizachew et
al., 2013). However, the evidence on the magnitude and distribution of pests and disease is
still insufficient (Desalegn Begna, 2012). It is true that the seriousness of honeybee disease
and pests differs within and/or among colonies, apiaries, areas and weather conditions.
The Tigray regional government and development projects have given particular attention to
scaling up systems of area enclosure. Fortunately most of the trees and shrubs suitable for soil
and water conservation are at the same time attractive to honeybees (Jacobs et al., 2006).
3The Eastern, Central and Southeast zones are among the administrative of Tigray region with
a high potential for improved frame beekeeping development producing the white honey.
These are the areas in which a number of commercial beekeepers and landless youths are
involved in beekeeping. However, utilization of improved beekeeping practices is influenced
by different constraints. To this effect, honeybee pests and disease are reported to be among
the major constraints in beekeeping (Workneh Abebe et al., 2008; Workneh Abebe and
Puskur, 2011; Adeday Gidey et al., 2012; Gidey Yirga et al., 2012).
The identification and severity of each economically important honeybee pests and disease
have not been well documented in Tigray region, despite little information is available. To
fully exploit the opportunities in beekeeping sector, addressing the constraint and detecting
the occurrence and distributions of honeybee’s health problems is key step to prevent their
harmful effects.
Therefore, the study was carried out aiming to the general objective to generate baseline data
on the current status of honeybee colony health problems (diseases, pests and effects of
pesticides) in Eastern, South East and Central zone of Tigray region designed with the
specific objectives:
 Determine the occurrence and prevalence of honeybee diseases and pests
 Determine the effect of honeybee disease and pests on honey bee colonies and their
products in the study areas
 Identify potential risk factors associated with honeybee disease and pests in the study
areas
4Chapter 2. LITERATURE REVIEW
2.1. Ethiopian honey bee races and their behavior
The Honeybees, Apis mellifera, are naturally spread and varied in geographical areas in
Europe, Africa, America and Western Asia (Crane, 1990, Miguel et al. 2011). Apis mellifera
is a highly polytypic species with large geographical variations in morphology and behavior,
which are believed to be results of adaptive responses to diverse ecological conditions
(Ruttner, 1988). According to Franck et al. (2001), the greatest genetic diversity of Apis
mellifera in Africa was occurred in the honeybees of Ethiopia.
Research findings indicated that, five different honeybee races have been identified in
Ethiopia (Amssalu Bezabeh et al., 2004).These honey bee races occupying ecologically
different areas were: Apis mellifera jemenitica in the northwest and eastern arid and semi-arid
lowlands; A. m. scutellata in the west, south and southwest humid midlands; A. m. bandasii,
in the central moist highlands; A. m. monticola in the northern mountainous highlands; and
A.m.woyi-gambell in south western semi-arid to sub-humid lowland parts of the country.
Behaviorally, the migratory and reproductive swarming tendencies of monticola and bandasii
are very low. Even in the absences of food they remain in their nest up to starving to death.
The migratory and reproductive swarming tendencies of jemenitica and scutellata honeybee
races are relatively high and are more defensive (Nuru Adgaba et al., 2002, Amssalu Bezabeh
et al., 2012). A high swarming tendency is believed to be an adaptation to replace the loss of
countless colonies due to various enemies (including man, safari Ants, birds and mammals),
drought, fire, and starvation (Nuru Adgaba, 2007).
The remarkable defensive behavior exhibited by A.m jementica was due to its different
genetic structure as well as its compatibility with local environmental conditions (Al-Ghzawi
et al., 2009). The hygienic behavior of honeybees (Apis species) is a natural defense against
diseases and parasites (Kavinseksan et.al, 2004). It is a mechanism of disease resistance if
bees are able to remove brood from the nest before the pathogen becomes infectious.
Hygienic colonies are resistant to American foulbrood (Rothenbuhler, 1964), chalkbrood
(Gilliam et al., 1983) and parasitic mite Varroa destructor (Spivak, 1996). Such removal
5interrupts the reproductive cycle of the mite, thereby limiting the number of mite offspring
produced. The number of dead broods removed within 24 hours is an efficient selection
criterion to improve hygienic behavior, as it was evidenced with a model that includes genetic
effects of queen and workers separately (Palacio et al.,2010; Costamaia et al., 2011).
2.2. Honey bee production system in Ethiopia
Ethiopia is endowed with an immense diversification of melliferous plants. There are over
7,000 species of flowering plants (Edwards ,1976) existing in the country; of which most are
honeybee flora comprising natural trees, forage plants, horticultural and cultivated crops
(Fichtl and Admasu Adi,1994). These resources coupled with variable climate, edaphic
factors, huge water resources & other favorable ecological factors enable the country to
sustain large numbers of bee colonies. Generally, beekeeping in Ethiopia is practiced in
backyard and forest in traditional and back yard and enclosure areas in improved way of
production system (MoARD, 2007).
2.2.1 Traditional beekeeping
A Large number of honeybee colonies, estimated about 10 million, are managed with the
same old traditional beekeeping methods in almost all parts of the country (Fichtl and
Admasu Adi, 1994). Traditional beekeeping has the oldest and richest practices which have
been carried out by the people for thousands of years both in the forest and at the backyard.
According to the data from CSA (2013), 90% of beekeeping in the country is practiced in
different types of traditional beehives. Over 10 types of traditional hives are reported in the
country varied on the type of materials they are made from and their volume. They are made
of cheap and locally available materials like clay, straw, bamboo, false banana leaves, and
bark of trees, logs, animal dung and grasses (Fichtl and Admasu Adi, 1994).
2.2.2. Modern Beekeeping
Modern beekeeping methods aim to obtain the maximum honey crop, season after season,
without harming bees. Globally, significant change in the beekeeping industry and honey
yield production was realized through the application of frame beehives and certain
production-enhancing equipments (Crane, 1990). Movable frame beehives allow common bee
6management practices such as migratory beekeeping, supers adding or reducing, regular
inspection, quality honey harvest, swarm control, feeding during dearth periods, stimulating
early colony growth, and pest and disease control. These are valuable assets that enhance
honey production both in quantity and quality. Moveable frame beehive beekeeping was
introduced to the country in 1978, through the Ethiopian Rural Development Extension
program. Since then, thousands of box hives, along with the necessary accessories, were
distributed throughout the country (MoARD, 2007). Although frame beehives were
introduced to Ethiopia more than forty years ago and are known to have advantages in the
production of honey, their adoption rate is very low (only about 2.7%), mainly attributing to
lack or unavailability and expense of accompanying accessory equipments (mainly casting
mold and honey extractor), lack of appropriate training, lack of assisting experts or
technicians, etc. However, lately some regional states have paid significant attention to them
and the recent distribution status of frame beehives is increasing (Belets Gebremicheal and
Berhanu Gebremedhin, 2014).
Compared to traditional beehive, comb frames need to be checked regularly for better
production enhancement because old comb is known to harbor numerous contaminants that
may be detrimental to the brood’s health. Old comb has been associated with increased
incidence of chalk brood (Koenig et al., 1986), and diseases like nosomosis (Bailey & Ball,
1991) and American foulbrood (Gilliam, 1985) which are spread from colony to colony by
infectious wax. The queen may be sensitive to these contaminants and not lay eggs in
particular cells. Also, the old comb may harbor brood pheromones (Fries, 1998) that act as
egg laying inhibitors to the queen because she perceives the cell to be already occupied.
Honey bee colonies housed on new comb had a greater area of total brood, a greater area of
sealed brood, and higher weight of individual young bees. Brood survivorship was the only
variable significantly higher in old comb (Berry and Delaplane, 2010). The bulk of the
evidence suggests that new combs optimize overall honey bee colony health and reproduction.
These findings suggest that beekeepers should eliminate very old brood combs from their
operations (Berry and Delaplane, 2010)
72.3. Economic Importance of Honeybees
2.3.1. Importance of beekeeping for national economy
Ethiopia is an important honey and beeswax producing country. The collection and selling of
honey and other bee products, is a major economic activity. It is the leading producer of
honey and beeswax in Africa, with honey production estimated at 43,000 metric tons per
annum (Gezahegne Tadese, 2012). On a global scale, Ethiopia is the 4th largest producer of
beeswax and the 10th largest producer of honey. The country enabled to take the total share of
honey production around 23.58% and 2.13% of the African and world’s respectively
(Workneh Abebe and Puskur, 2011). The gross value of livestock output as sum of values
obtained from estimates of off takes, milk, poultry, honey and manure gives ETB birr 46,671
million, of which honey accounts 553 million birr (1.18 %) (MoFED and MoARD, 2011).
Apiculture in the policies of many African countries reduces risk, increases household
incomes, adds to food security, empowers women and is beneficial to the environment
(Wilson, 2006).
2.3.2. Potential of beekeeping as income generating activity
Apiculture is among the effervescent agricultural enterprises practiced throughout the country
for its significant contribution to economic and social development at the household and
national level (MoARD, 2007). Alleviate poverty and improves the standard and well being of
the rural beekeeping community; income from the sub sector secures financial power for the
purchase of necessities (Gezahegne Tadese, 2012). The history of the use of beekeeping is
parallel to the history of man and in virtually every culture evidence can be found of its use as
a food source and as a symbol employed in religious, magic and therapeutic ceremonies
(Cartland, 1970; Crane, 1990).
The sub sector is one of the few sectors that had the most inclusive ability to achieve
transformation and growth across all categories of rural households. In Ethiopia, more than 5
million beehives are managed approximately 1.4-1.7 million farm households, who are
keeping bees as a means of additional income generation (Gezahegne Tadese, 2012, SNV
Ethiopia, 2012).
8Beekeeping has played significant role in household livelihoods in arid and semiarid
particularly in drought prone and food insecured areas (Debissa Lemessa, 2006). The
socioeconomic survey in many parts of the country indicated that beekeeping as major off-
farm activity contributing 46.8% of the household income (Admasu Adi et al. 2012).
Beekeeping enable for large number of citizens to engaged in trading of honey at different
levels and selling of honey wines (local beverage ‘’tej’) which create job and self employment
opportunities (Beyene and Davide, 2007; MoARD, 2007; Gidey Yirga and Mekonen Teferi,
2010).
2.3.3 Pollination and agricultural productivity
Of the 100 crop species that provide 90 per cent of the world’s food, over 70 are pollinated by
bees (UNEP, 2011). The efficiency pollination of honeybees is due to their great numbers,
their physique and their behavior of foraging on only one plant species at one time. Usually a
honeybee can visit between 50-1000 flowers in one trip, which takes between 30 minutes to
four hours. In Europe, a bee can make between seven and 14 trips a day. A colony with
25,000 forager bees, each making 10 trips a day, is able to pollinate 250 million flowers
(Bradbear, 2009).
Honeybee is also believed to play a significant role in the economy of Ethiopia through
pollination services. In Ethiopia, an experiment was conducted to evaluate the effect of
honeybee pollination on Niger (Guizotia abyssinica) (Admasu Adi and Nuru Adgaba, 1999)
and Allium cepa (Admasu Adi et al., 2006), the result indicated 43% and 84% yield
increments, respectively. Their value as pollination is 5-50 times better as producers of honey
and bees wax (Kibebew Wakjira, 2012). Along with, beekeeping with its huge potentials to
save the natural forests and to earn subsistence income for the rural poor is one of the
agricultural sectors believed to serve as an instrument for climate change adaptation (FAO,
2012).
92.4. Honey bee constraints in Ethiopia
The prevailing production constraints in the beekeeping development of the country are
complex and to a large extent vary between agro-ecological zones and production systems
(EARO, 2000).
Most research reports revealed that the shortage of bee forage, pesticide poisoning, lack of
skill and knowledge, low level of technology and honey bee disease, pests and predators are
the top five major constraints in most part of the country (Kerealem Ejigu et al., 2009
;Workneh Abebe and Puskur,2011; Gidey Yirga et al., 2012).
2.4.1 Lack of bee forage
Apiculture is floral based industry and bees wholly depend on plants for their food (Crane
1990). Pollen, the primary dietary source of proteins, lipids, vitamins, and minerals, is
essential to the physiological development of adult honey bees. Deficient nutrition can impair
immune function and increase honey bee colonies’ susceptibility to disease (Charlie, 2012).
The bee forage availability varies seasonally with variation in rainfall pattern.
It was found that there has been a substantial decline of shrub lands, woodlands and forest
cover and drastic expansion of cultivated land in the Ethiopian highlands from the 1860s to
the 2008s but there is an improvement in vegetation cover in some areas. The land use and
land cover change in the Ethiopian highlands has affected the basic natural resources, by
causing surface runoff, decreased water retention capacity, decreased stream flow, loss of
wetland and drying of lakes (Ayalew Kasaye,  2006; Alemayehu Muluneh and Ólafur, 2011).
Population growth in the densely populated Ethiopian highlands is also one of the most
critical drivers of the observed land cover dynamics because the livelihood of almost the
entire rural population is dependent on agriculture. Currently, in the Ethiopian highlands,
arable land expansion has reached the upper limit of the extent (Alemayehu Muluneh and
Olafur 2011). Many investigators found that lack of bee forage is the bottle neck for
beekeeping development in different part of Ethiopia. In Tigray region, lack of bee forage was
reported by Workneh Abebe et al., 2008; Assefa Abebe, 2009; Gidey Yirga and Mekonen
Teferi 2010; Workneh Abebe and Paskur, 2011; Alemtsehay Teklay, 2011; Gidey Yirga et al.,
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2012; Mekonen Teferi et al., 2011; Adeday Gidey, 2012; Gebremedhin Gebrewahid et al.,
2012; Gidey Yirga et al., 201 .Similarly in Amhara Region, it was reported by Kerealem
Ejigu, 2005; Tesega Belie, 2009; Assemu Asefa et al., 2013). Nebiyu Yemane and Messele
Teya, 2013 and Heftu Kebede and Gezu Tadese, 2014 reported that lack of bee forage was the
problem in Southern Nations and Nationalities and Peoples Region.
2.4.2. Low level and poor quality of technology
In the apiculture subsector, attempts have been made to introduce improved beehives with its
accessories to the rural beekeepers (MoARD, 2007). Despite the presence of few success
stories and great attempts, the dissemination of improved beekeeping technologies are very
slow to reach to significant size of beekeepers in the country. As a result, still the beekeeping
is predominantly in traditional ways using traditional hives with low production and
productivities of the subsector (Belets Gebremicheal and Berhanu Gebremedhin, 2014). In
the beekeeping industry, the supply of beekeeping equipment and other accessories is
generally in very critical shortage and inaccessible (MoARD, 2007). Most of the supply of
these equipments is done through government agricultural extension offices and some NGOs
working in the development of the subsector. An introduction of improved beekeeping
technologies to the rural communities are beyond the buying power of the farmers and not
easily available for those who can afford it. Most of the local beekeepers lack the basic tool
that would be needed for private work like bee veil, hand gloves, smoker, chisel, and overall
(Kerealem Ejigu et al, 2009).
2.4.3. Honeybee diseases and their transmission
The honey bee health has a great impact on economy and biodiversity worldwide. A large
diversity of microorganisms are associated with honey bees most of them are commensals,
but some are pathogens (disease causing organisms) affecting adult bees and brood. Some of
these pathogens are more harmful than others and infections may lead to colony collapse
(Forsgren, 2009).
There are research findings on the occurrence of honeybee diseases and pests in various areas
of Ethiopia. Of these diseases and pests Nosema, Ameba, Chalk brood disease could be
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mentioned (Amssalu Bezabeh and Gezahegn, 1991; Haylegebriel Tesfay, 2014; Desalegn
Begna, 2015).
Social insect colonies are characterized by extensive interactions among individuals,
exchanges that can also potentially transmit pathogens. The large majority of these social
interactions in a honeybee colony result from food transfer among individuals (Feigenbaum
and Naug, 2010). The honey bee colony can be considered a super organism where each
individual bee is dispensable just like a single cell in a human body. Division into two or
several colonies is fundamental for colony fitness (Forsgren, 2009).
Transmission of pathogens can be either horizontal or vertical. The colony immune response
is based on consequences of pathogenic pressure at both individual and colony level (Cremer
et al., 2007). As the pathogens enter into the host colony, individual bees can be affected and
the pathogen multiplies within individuals. Transmission between individuals and colonies is
due to swarming, drifting and robbing (Forsgren, 2009).
A) Nosema and Amoeba
Nosema honeybee disease is the most wide spread of adult bee disease and occurs worldwide
wherever bee colonies exists (Matheson, 1993; Ellis and Munn, 2005; OIE, 2008a). It is
caused by the spore of microspordian parasite Nosema apis that infect the epithelial cell of
adult honeybee ventriculus (Shimanuki and David, 2000; Coffey, 2007; FAO, 2012). Spores
germinate in the mid gut and infect the cells of the mid gut epithelium where they vigorously
proliferate to produce new environmental spores which are released into the gut lumen (Fries
and Camazine, 2001). Nosema apis is an important pathogenic agent of hives which is
influenced by climatic conditions and management factors, deeply causing losses which are
undetectable to beekeepers (Bermejo and Fernandez, 1997). The infection is transmitted by
food, water, and faeces (Sokh et al., 2007). Old comb has been associated with increased
incidence of Nosema (Fries, 1988).
Poor management and external factors such as coldness, bad diet, and hive humidity can
increase sensitivity of bees to nosema (Razmarajii and Karimi, 2010). Adult bees become
infected by ingesting Nosema spores which are present in faeces but can also be found in
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pollen (Higes et al., 2008). It has been regarded as a serious obstacle for profitable
beekeeping in temperate climates (Fries, 1993).
Based on the report reviewed by Haylegebriel Tesfay (2014) and Desalegn Begna (2015) in
Ethiopia, nosema was reported from different regions with varying prevalence rate such as
58% in Oromia, 60% Benishangul-Gumuz and 47% in Amhara regions and 53.3% in Addis
Abeba. Similar survey conducted in 58 districts of Oromia, Amhara, Southern Nations and
Nationality and Peoples (SNNP), Tigray, Gambella, Benishangul –gumuz, Somale regional
state of Ethiopia, Nosema apis was identified the species causes nosemosis with 37.3% of
infection rate. But there has no negative impact on honeybees and honey yield (Amssalu
Bezabeh, 2012 and Amssalu Bezabeh Desalegn Begna, 2005).
Amoeba is diseases of honey bee caused by a single celled parasite called malpighamoeba
mellificae. The parasite affects malpigian tubules of honey bees and shortens the life cycle of
bees. The disease was reported with high prevalence rate in different regional state of
Ethiopia. Research findings indicated that the prevalence of Amoeba was 95%, 88%, 73 %
and 60% in Amhara, Oromia, Addis Ababa and Benishangul-Gumuz Regional States
respectively (Haylegebriel Tesfay, 2014).
It is not caused by an infection, but by other factors such as poor nutrition (FERA, 2013). All
adult bee castes are susceptible, but drones and queens are rarely infected. Infection occurs
when cysts are ingested from the faeces of infected bees. These germinate by invading the
malpighian tubules, where they multiply at the expense of the excretory cells of the bee.
Amoebae are spread when soiled beekeeping equipment is transferred into a healthy colony
(Shimanuki, 2000).
B) Chalk brood disease
The brood of the honeybee is susceptible to fungal infection by a wide variety of pathogens,
including Ascosphaera apis, Paenibacillus larvae and Melissococcus plutonius, the causative
agents of some of the most important diseases affecting bees (Shimanuki and David, 2000).
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The fungus Ascosphaera  apis is responsible for chalk brood disease, in which larvae are
infected by ingesting fungal spores that then germinate in the digestive tract (Garrido-Bailon
et al, 2013). Ascosphaera  apis is responsible for large economic losses, particularly in
combination with other pathogens such as Nosema apis (Aydin et al., 2006), Nosema ceranae
and Varroa destructor (Hedtke et al ., 2011).
Chalk brood as its name implies, it affects honey bee brood. Infection by spores of the fungus
is usually observed in larvae that is three to four days old. The spores are absorbed either via
food or the body surface. Initially, the dead larvae swell to the size of the cell and are covered
with the whitish mycelia of the fungus. Subsequently, the dead larvae mummify, harden,
shrink and appear chalklike. The color of the dead larvae varies with the stage of growth of
the mycelia: first white, then grey and finally, when the fruiting bodies are formed, black.
When infestation is heavy, much of the sealed brood dies and dries out within their cells.
When such combs are shaken the mummified larvae make a rattling sound (FAO, 2006,
Hornitzky, 2009). The Ascosphaera apis sticky spores are commonly present on adult bees
and all surfaces within occupied hives, suggesting its speedy distribution from place to place
& from apiaries to apiary. The disease develops only if the brood is physiologically stressed
in some way like chilling and it is documented that diseases of fungal origin are more
prevalent in dump and cool conditions (Desalegn Begna, 2006).
In Asia, chalk brood is rarely considered to be a serious honey bee disease; although in Japan
the disease has been reported to cause problems to beekeepers. In temperate America and
Europe, however, cases have occurred in which chalk brood has caused serious damage to
beekeeping (FAO, 2006). In Africa the only report of chalk brood so far was from Tunisia
(Heath, 1985).
In Ethiopia, the occurrence of chalk brood (Ascosphaera apis) disease in West Shoa was first
reported with 0 to 100% prevalence & 17.4% of overall average colonies infections (Desalegn
begna, 2006).The geographical distribution of chalk brood diseases in honey bee were
recorded (Aster Yohannes et al., 2010). The study reported an infection rate of 37.12%,
19.89%, 17.93% and distribution rate of 87.50%, 56.56% and 33.33% in Amhara, Oromia and
Benshangul- gumuz regional states. The finding showed that moist highland, moist mid-land
and wet mid-summer were identified as suitable ecological zones. However, the dry alpine,
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dry low land and moist lowland areas are not suitable for the diseases at all (Aster Yohannes
et al., 2010).
2.4.4 Major honeybee pests
Honeybee colonies are subject to a number of natural stress inducers and enemies including
weather, natural disasters, pests, predators, parasites and diseases (Lawal and Banjo, 2008).
Honeybee pests comprise nowadays a major concern for local beekeepers (Al-Ghzawi et al.,
2009).
The presence of a numerous of pests on the colonies confirmed that pest infestation is a
problem in beekeeping in the tropics. The pests are responsible for the destruction of the
colony and decline in its establishment. Pests and predators cause devastating damage on
honeybee colonies and at most time cause swarming, abscond or colony collapse. The
honeybee pests interact with the life of honeybees by synchronizing their activity with the
beekeeping cycle in Nigeria (Oyerinde and Ande, 2009).
Ethiopia is one of the sub-tropical countries, the land is not only favorable to bees, but also for
different kinds of honeybee pests and predators that were interfering with the life of honey
bees (Desalegn Begna, 2001).
It has been documented that, more than fifteen different types of economical important pests
were investigated with their magnitude damage and distribution (Desalegn Begna 2001,
Desalegn Begna and Amssalu Bezabeh, 2001, Desalegn Bezabeh and Yosef Kebede, 2005,
Desalegn Begna and Amssalu Bezabeh, 2006). According to these findings, ants, wax moth,
mice, birds , honey badger, wasps, death's head hawks moth, bee lice (braula coeca), beetles ,
lizards, toads, prey-mantis, spiders, pseudo scorpions (chelifer species) were among the major
honeybee pests registered locally.
In South Western Nigeria, 23 animal species representing for honeybee pests and predators
were encountered. All the species encountered were found in dry season and not all in wet
season. In Nigeria, dry season is nectar and honey flow period which probably enhance the
infestation of bee colonies with pests (Lawal and Banjo, 2008). In Jordan, honeybee colonies
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are attacked by 21 pest species in different areas. These most distributed pests’ causes’
considerable damage on honeybee colony (Al-Ghzawi et al., 2009).
A) Wax moth
Wax moth is one of the most important pests of the honeybee colony with worldwide
distributions. It is more active and spread rapidly in warmer climates with rare exception in
high elevations (Crane, 2000). The greater wax moth (Galleria mellonella) and lesser wax
moth (Achroia grisella) are major pests of stored or unattended combs (Ellis et al., 2013). The
greater wax moth causes the heaviest losses to beekeepers throughout the world; however, the
lesser wax moth is generally more common, and can also cause significant damage. The two
species tend to coexist, and are frequently found in the same location (Shimanuki and David,
2000). It lives in long silken tunnels and after hatching; it feeds on honey, nectar and pollen.
Larva makes tunnels in combs and extends it to the midrib of comb. Depending on
availability of food, temperature, habitat of pests, several overlapping generations can be
produced in a year (William 1997; Sanford, 2003; Rachna and Kaushik, 2004; FAO, 2006).
Wax moth causes significance damage in colony of honey bees in several countries such as:
Algeria, Egypt, Kenya, Tanzania, Uganda, Sudan, Ghana, Nigeria and Senegal (Husein,
2001). Wax moth is one of the most important pests of honeybee colony with worldwide
distributions is also identified as one of the serious local honeybee pest in Ethiopia (Desalegn
Begna 2001).
The study conducted in Shoa zone, indicated that about 56%-75% of the wax moth infested
honeybee colonies absconded and the rest dwindled. The prevalence and severity of wax moth
varied based on altitudes in which high severities were documented for low altitude areas
(Amsalu Bezabeh and Desalegn Begna, 2012a).
B) Small hive beetles
Originally, this beetle (Aethina tumida), was only found in Africa, south of the Sahara. Ellis
(2004) reported that the African countries reported to have the beetle include: South Africa,
Botswana, Ethiopia, Kenya, Namibia, Eritrea, Angola, Central African Republic, Senegal,
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Ghana, Republic of Congo, Nigeria, Uganda, Zimbabwe, Guinea- Bissau, Congo Republic,
Zambia and Tanzania. It first appeared in the southern United States of America in 1998 and
has continued to spread north as far as Canada. Since 2002, this beetle has been found in parts
of Australia (Hood, 2004; FAO, 2006,). In Africa, the beetle’s original range, only weak
colonies or storage combs are affected. However, in America or Australia, colonies of
ordinary strength can be affected. This might indicate the introduced European bee races are
lack of defense behavioral mechanisms (FAO, 2006).
A minor infestation is difficult to recognize because the beetles immediately hide in the dark
(FAO, 2006; Coffey, 2007). Economic damage from SHB occurs when the bee population is
insufficient to protect the honeycombs from the scavenging beetle larvae. When large
numbers of adult beetles defecate in the honey, they introduce yeasts, causing the honey to
ferment and run out of the cells. In this case, the queen bee may cease lying, and the entire
colony may abscond. Weak colonies are particularly vulnerable to attack, but even strong
colonies can be overwhelmed by large populations of beetles (Sanford, 1998: 2003; Hood,
2004). Honey contaminated by small hive beetles can be rejected by bees, is entirely unfit for
human consumption and should never be bottled or mixed with other honey for packing
(Hood, 2004). Beetles feed on honey, pollen and brood in bee colonies and have been
implicated often in both colony mortality and increased absconding rates. The estimated
losses to small hive beetles experienced by beekeepers in the USA in 1998 were US$3
million. Losses were in the form of colony destruction and damage to stored honey supers in
honey houses. Some commercial beekeepers in the USA reported losing thousands of bee
colonies and associated equipment to beetles (Ellis, 2004; Hood, 2004). In Ethiopia the small
hive beetle was recognized as local honey bee parasite in different periods and locations of the
country (Desalegn Begna and Amssalu Bezabeh, 2006; Amssalu Bezabeh et al., 2010).
C) Varroa mites
Varroa destructor, originally classified as Varroa jacobsoni, and commonly referred to as
‘Varroa’ has been a significant factor in the decline of the bee industry around the globe
(Fakhimzadeh, 2001). This mite is a native parasite of A. cerana throughout Asia. Since the
initiation of beekeeping development projects with A. mellifera on the continent, it has been
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reported as causing damage in both temperate and tropical Asia (Fakhimzadeh, 2001).
Decreasing the body weight and shortening the lifespan of adult bees are the results of heavy
infestation in a colony (Rosenkranz et al., 2010). The mite also is a vector for some honey bee
viruses such as Kashmir bee virus, Sac brood virus, acute bee paralysis virus, Israeli acute
paralysis virus and Deformed wing virus (Boecking and Genersch, 2008). Untreated colonies
usually die within six months to two years (Ritter et al., 1984).
These days the parasite is found throughout the world, except for Australia and New Zealand
South Island (FAO, 2006). More recent report in Kenya by Muli et al. (2014) revealed that in
samples of 350 bees more than 30 mites had presented without any problem of the colony.
However, in the US it is recommended that colonies are treated for mites when 5–20 mites are
found in samples of 300 bees (Ellis and Macedo, 2001). This mite is an external parasite and
infests all developmental stages of bees including larvae, pupae and adults.
Low levels of Varroa infestation have no obvious effect. Eventually, the mite population
reaches a level that the colony can no longer tolerate and thus loses its social organization and
disbands which leads to what is known as colony collapse (Coffey, 2007).
In Ethiopia, the particular survey which was conducted in Tigray regional state revealed the
occurrences of Varroa mite in the country and also established the distributions of the mite in
the region (Desalegn Begna, 2014).
2.4.5 Agrochemicals
Honey bees are most valuable pollinators of agricultural crops but very sensitive insects as
they are disturbed by the common environmental factor like pollution (Johnson et al., 2010).
Pesticides are the chemicals that are most widely used to control pests in crop production.
When different chemicals are applied to the crops, they are affecting the pests of the crops but
also harm the beneficial insects as pollinators, predators and parasites. This harmful effect
disturbs the natural balance between the insects and their natural hosts (Amsalu Bezabeh et
al., 2012). Older worker bees forage outside the hive for pollen and nectar, and thus are
vulnerable to contact exposure to pesticides during foraging as well as dietary exposure
during collection or ingestion of pollen and nectar. Workers also serve as a vector for bringing
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contaminants back to the hive. Young workers clean cells and attend brood, whereas middle-
aged workers do a variety of tasks mainly within the hive. All the young and middle-aged
workers, queen and drone can have secondary exposure to pesticides through contaminated
food brought back to the hive (Fischer and Moriarty 2011). Teweldebrhan Gebreziabher
(2012) reported that the collapsing of bee colonies first reported in North America, has been
expanding, in North America and Europe since the last century. Soon the excessive use of
pesticides and the rise of pollution in general, become blamed for it. Fortunately, so far, the
collapsing of honey bees not been reported in Africa.
Many beekeeping operations across the United States especially those involved in crop
pollination, experienced unprecedented losses between 30 - 90% of their managed honey bee
hives. Pesticides affect fecundity, egg weight, larva weight, hatching rate, capping rate,
emergence rate, success rate of development, egg stage, unsealed brood stage, sealed brood
stage and immature stage parameters of honey bees (Janine et al., 2012).
In Ethiopia, the need for agro-chemicals in improved agriculture is increasing and unwise
application of these agrochemicals has a subsequent effect on honeybees. These
agrochemicals are used mainly to control migratory pest such as army warm, locust, grain
eating birds and weeds and other pests (Amsalu Bezabeh et al., 2012). In Ethiopia, none of
the pests and honeybee diseases is treated using drugs other than exercising colony
manipulation practices and hence there is no chance of honey contamination with veterinary
drugs (MoARD, 2007; Amsalu Bezabeh et al., 2012). The reports of Gidey Yirga and Kibrom
Ftwi (2010); Adeday Gidey (2012) and Kerealem Ejigu et al. (2009) reported the effect of
agrochemical application around the crop field as the main bottleneck constraints of the
beekeeping sectors in Tigray and Amhara Regions, respectively.
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Chapter 3. MATERIALS AND METHODS
3.1 Description of the study areas
The study was conducted in six districts of Eastern, South East and Central Zones of Tigray
Regional State: Atsbi-Womberta, Kilte-Awlaelo, Degua-Temben, Saharti-Samre, Ahferom
and Kolla-Temben (Figure 1). The districts were selected based on their potential for
beekeeping, agro ecological representativeness and accessibility to transport facility. Atsbi-
Womberta and Degua-Temben districts represented highlands. Whereas, Kilte-Awlaelo,
Ahferom and Saharti-Samre districts represented midlands and Kolla-Temben district
represented lowland agro ecologies (MoARD, 2009).
Ahferom district comprises the three types of agro-ecologies (Highland, midland and
lowland) but predominantly with midland. Altitude in these area ranges between 1975 and
2220 m.a.s.l with annual rainfall 522 to 570 mm (LIVES, 2012).
Atsbi-Wenberta district is mainly characterized by hilly and undulating terrain with altitude
range up to 3069 m.a.s.l. The district comprises highland and middle highland agro-ecological
zones with the total area coverage of 30 % and 70 % respectively. The average temperature of
the area is 18oc. Rainfall is usually intense and short in duration, with an annual range of 68
to 541 mm/year (Workneh Abebe and Puskur, 2011).
Degua-Temben district is situated at an altitude of 2650 m.a.s.l and average annual rainfall is
750 mm, concentrated in a few months (Nyssen, 1998).
Kilte Awulaelo district is characterized with midland agro-ecological zone. Altitude in the
district ranges between 1900 and 2460 meters above sea level. The average rainfall ranges
from 217.3 to 638.4 mm per year. The mean annual temperature ranges from 17 to 23C0
(USAID, 2008).
Kolla-Temben district is a dry, lowland agro-ecological zone. It is situated at an altitude
ranging from 1600 to 1750 m.a.s.l. Rainfall is a low and erratic 350-550 mm per year.
Saharti-Samre district’s climatic zones are lowland, middle highland & highland with
proportion of 47%, 50% & 3% respectively. The altitude of the district ranges up to 2017
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meter above sea level. The daily weather condition runs from 21ºc to 27ºc. The annual
amount of rainfall ranges from 350 – 700 mm. (Ayenew Admasu et al., 2011).
Figure 1. Location map showing the study area
Source: Extracted from Tigray 2012 map
3.2 Data sources and methods of collection
Both primary and secondary sources of data were used in this study. Secondary data were
obtained from the reports of Office of Agriculture and Rural Development of the respective
districts, Regional Bureau, NGOs and other published and unpublished materials. Primary
data were collected from sample household beekeepers through semi-structured questionnaire
(Appendix table 4), field observation and laboratory diagnosis techniques.
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3.3 Types of data collected
The study covered wide range of information with reference to beekeeping. Both qualitative
and quantitative data were generated using semi-structured questioner survey and laboratory
diagnostic methods. Under the quantitative data, age, family size, land and livestock holding
size; number of hives owned, honeybees absconding, amount of honey harvested, colony
marketing and honeybee performance (bee population, brood, nectar and pollen areas) were
taken. While, sex and educational level of respondents, types of hives owned, beekeeping
placement, potential constraints of beekeeping, prevalence/distribution and infection rates of
honeybee disease and parasites and hygienic behavior were taken as qualitative data.
3.4 Sampling technique and Sample size determination
A multistage stage sampling procedure was employed to select beekeepers and honeybee
colonies. At the first stage, three administrative zones were selected using purposive sampling
based on their potential for beekeeping. In the second stage two districts were selected from
each zone purposively based on their relative beekeeping potential and representing to
highland, midland and lowland agro ecologies. In the third stage, three rural kebeles from
each district were sampled using purposive sampling based on their representativeness and
transport accessibility. In the fourth stage, beekeepers were sampled from all rural kebeles
using simple random sampling technique. Sample size for beekeepers was calculated based on
Cochran (1963) as follows:
n0= Z2pq
e2
Where, n0 is the sample size, Z2 is the abscissa of the normal curve that cuts off an area α at
the tails which is 1.96, e is the desired level of precision (5% ), p is the estimated proportion
of an attribute that is present in the population which is 50%, and q is also 50 %.
Accordingly, 64 sampled beekeepers were sampled from each district, with sum up of 384
(350 male and 34 female) total sample size.
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Similarly, bee colonies were sampled from each rural kebeles. Based on beehive types,
improved movable frame hives were sampled from both apiary (enclosure areas) and
backyard beekeeping system. However, traditional beehive was sampled only from the
backyard site. The sample size required for the study was determined based on sample size
determination in random sampling methods using 50% expected prevalence with 95%
confidence interval at 5% absolute precision, according to Thrusfield (2005) as follows:
n= 1.962 X Pexp X (1-Pexp)
d2
Where, n = required sample size Pexp= Expected prevalence (50 %) d= Desired absolute
precision (5 %). Accordingly, a total of 384 bee colonies were used as sample size for the
study.
3.5 Study design
A single beehive and single apiary site was considered as one sample unit. Types of hive,
source of bee colony, colony status, agro-ecology, management system, comb age and
hygienic behavior were considered as explanatory variables (risk factors), and tested whether
they have an impact on occurrence of honey bee disease and parasites or not.
Honeybee hive was categorized as improved movable frame hive and traditional beehives.
Source of honeybee colonies were considered as purchased, swarming or own and honeybee
colony status was categorized into weak, medium and strong colonies. Colonies were
considered weak when a colony has small number of worker bees, not strong enough to
defend enemies, and with small number of brood on comb (less than 2 sealed brood combs);
medium strength colony is characterized as having moderate number of worker bees, defend
enemies quite satisfactorily, and have 3 to 5 brood on comb; A strong colony is characterized
by its numbers of worker bees, ability to strongly defend their enemies and have more than 5
comb filled with brood. Three altitude categories were considered highland (>2400 meters);
Midland (1800 to 2400 meters) and lowland (1800 meters) above sea level (MoARD, 2009).
Based on management, hives were categorized as apiary (enclosure areas) or backyards.
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In order to examine the prevalence/distribution and infection/infestation rates of the onset of
diseases and pests according to the activity periods of honeybees, samples were collected two
times; on major honey flow season (September to November), and main dearth period
(February to May).
Finally, prevalence for apiary and colony levels was calculated following the protocols of
(Vanenglesdorp et al., 2012):
Prevalence = Number of positive Cases X 100
Total number of sampled population
Infection/infestation level = Number of positive bee X 100
Total number of sample bees
Honeybee colonies were inspected internally and externally to collect data on the health status
and samples of adult honeybees and broods for further laboratory diagnoses. Records on the
history and status of the colony, clinical symptoms of diseases and pests were taken.
To determine the strength and hygienic behavior, adult honeybees and brood and hygienic
activities of 54 honeybee colonies hived in improved movable frame hives, 3 from each rural
kebeles were measured respectively. The experiment was conducted at FTC and private
apiaries in cooperation with the beekeepers. To evaluate strength of brood areas, food storage
areas and population of adult bees were measured using Liebfelder method (Delaplane et al.,
2013). While hygienic behavior was determined by a pin-killed brood assay in which the time
was recorded for colonies to detect and remove dead brood from a comb section containing 5
cm X 5 cm area (approximately 100 capped pupae) on one side of the comb (Gramacho and
Spivak, 2003). The number of empty cells within the section was counted and recorded. Then
every capped pupae within the section was pin-killed and placed back in to the hive of the test
colony. After 24 hrs the frame with the section was taken out and the numbers of remaining
dead brood and removed were recorded. Finally, the percent of removal of dead brood was
calculated as the formula used by Palacio et al. (2010) as:
T.H.B = K - E - C x 100
T-E
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Where: R = Percent removal of dead brood within 24 hrs; K = Number of dead brood
removed within 24 hrs; E = Number of empty cell within the section insert before test; C =
Number of brood cell remained capped after 24 hrs; T = Total number of brood within the
section of an insert.
A colony was qualified as hygienic if honeybees removed > 90% of pierced brood within 24
hours (Palacio, et al., 2010).
3.6 Laboratory Examination Procedures
3.6.1 Examination of Varroa mites
The study follows the standard methods for Varroa research by Dietemann et al. (2013).
Samples of adult bees were collected from bee colonies hived in improved movable frame
hives and traditional beehives. From each bee colony, 250 to 350 adult honeybees were
brushed off from the brood comb directly into a wide mouth plastic container. The collected
adult bees were killed using 70 % ethyl alcohol and placed in 10 ml of 1% detergent-water
solution (10 ml detergent in 1000 ml water) and vigorously shake for 1 minute to dislodge
mites. The mites were collected filtering the solution through a ladle (8- to 12-mesh) that hold
the bees back and let out the mites with the solutions. Then, wire gauze was used to hold the
mites back and discharge the solutions. The wire gauze was turned down to white paper on
which the presence/absence of the mite was examined and counted.
Furthermore, brood examinations were done by cutting off 5 X 5 cm brood comb areas from
drone and/or worker pupae broods. About 100 pupae were removed from their cells using
forceps and checked for the presence of Varroa mites on the worker and/ or drone pupae. At
the end, number of Varroa mites per diagnosised sample was recorded.
3.6.2 Examination of Tracheal mite
According to Sammataro et al., (2013), samples of 20-30 adult honeybees collected at
random. The sample bees were preserved by adding 70% alcohol.The head and first pair of
legs of honeybees were removed using scissor. Transverse-section thoracic disks were sliced
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and placed directly in a small dish containing 10-percent potassium hydroxide (KOH). The
sliced thoracic disks in KOH were heated and stirred gently near to boiling point for
approximately 10 minutes until the soft internal tissues dissolved to expose trachea rings. The
trachea ring sections were retrieved through filtration and washed with tap water. The disk-
trachea suspension were examined for infested part and Acrapis woodi under a dissecting
microscope at 10 magnification power.
3.6.3 Examination of Nosema and Amoeba diseases
As these two diseases are initiated by protozoan agent that affects the abdominal contents of
adult honeybees, their sampling and diagnostic techniques are almost the same. Therefore, bee
samples collected for either of the two can help to tell the condition or status of the other
(OIE, 2008b). Hence, following the Fries et al. (2013) procedure, a sample of 30-60 worker
adult honeybees were collected from the hive entrance. The sample bees were collected in
70% alcohol until laboratory analysis. The abdomen of honeybees from each sample was cut
using scissors. The cut abdomens were placed and grounded in mortar containing 5-10 ml
distilled water until an even suspension is formed using pestle. The mortar and pestle were
thoroughly cleaned before being used again. A loop of suspension were placed on
microscopic slid using the sterilized loop and covered with cover slid. The suspension were
examined under light microscope using 40-magnification power for the presence of Nosema
spores and Amoeba cysts. Alternatively, a counting chamber such as an improved Neubauer
counting chamber were used to determine the number of spores per bee as the procedure used
by Cantwell (1997). The number of spores per bee is determined according to the following
formula.
Number of spores per bee = Number of spores in 5 large squares (80 small squares) x 50,000
For the Amoeba disease intensity, 50 adult individual bees were taken from the already
infected colonies to detect the disease intensity.
3.6.4 Examination of chalk brood disease
The chalk brood mummies were checked at the bottom board of hive entrance, in the comb
cells and on the ground beneath the hive entrance. Mummies were moistened with distilled
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water and the supernants were placed on microscope slid, covered with cover slid and
examined under light microscope for spores and/or spore balls and cysts of Ascosphera apis
(Jenssen et al., 2012).
3.6.5 Examination of American Foulbrood and European Foulbrood
Field diagnostic procedures for AFB and EFB were used based on the OIE (2008) procedure.
During the early stages of decay until about three weeks after death, the dead larvae have a
glue-like consistency. To test for the AFB disease, larvae that would be discolored, exhibits a
melted appearance, ropiness (the larvae can become glutinous in consistency and can be
drawn out as threads when a probe is inserted into cell); hard and dark scales that adhere
strongly to the lower sides of the cell and protruding tongue were checked for its presence
(OIE, 2008b).
The most significant symptom of EFB is the color change of the larvae. They change from a
normal pearly white to yellowish, then to brown, and finally to grayish black; they can also be
blotchy or mottled. Infected larvae lose their plump appearance and look undernourished.
Larval remains often appear twisted or melted to the bottom side of the cell. Unlike larvae
killed by AFB, recently killed larvae rarely pull out in a ropy string when tested with a
toothpick. The dead larvae form a thin, brown or blackish brown scale that can be easily
removed (OIE, 2008c).
3.6.6 Observation of small hive beetle and wax moth
The occurrence and importance’s of honeybee pests in the study areas were determined
through hive inspection and beekeepers interview using semi-structured questionnaires.
However, the larvae of small hive beetles and wax moth in the hive were checked through
inspection of the beehives. Wax moth and Small hive beetle larvae can be differentiated based
on a number of morphological and behavioral characteristics.
The presence of small hive beetle infestation (Aethina tumida) was identified through its
adult, larvae or pupae and colony examination methods as described by Neumann et al.
(2013). Larvae of SHB has pairs of prominent brownish dorsal spines on each segments with
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3 pairs of anterior prologs only. Based on Ellis et al. (2013),the larvae of wax moth has no
spines, but number of setae(hairs) on each segments with 8 pairs of prologs (3 pairs,4 pairs
and 1 pairs on anterior, abdominal and last segments respectively).Unlike Small hive beetles,
it produces silken galleries.
3.4 Data management and statistical analysis
The collected data were stored in Microsoft Excel spreadsheet program used for data
management. Analysis was done using SPSS software programs (SPSS @, version 20). The
statistical analysis used in the study varied depending on the type of variable and information
obtained. Summarized data was presented in the form of tables and figures.
The questioner survey data, obtained in this study were analyzed using descriptive statistics
and the ranking of the different types of beekeeping constraints obtained in the study were
done by using the rank index formula as described by Musa et al. (2006):
Rank index=sum of (7 X number of household ranked first + 6 X number of household ranked
second + 5 X number of household ranked third + 4 X number of household ranked fourth + 3
X number of household ranked fifth + 2 X number of household ranked sixth + 1 X number of
household ranked first ) for an individual reason divided by the sum of (7 X number of
household ranked first + 6 X number of household ranked second + 5 X number of household
ranked third + 4 X number of household ranked fourth + 3 X number of household ranked
fifth + 2 X number of household ranked sixth + 1 X number of household ranked first) for
overall reasons.
Correlation analysis was conducted to determine the relationship between diseases and pests
and bee activity parameters such as brood population and food reserves. Chi-square test ( )
was used to assess the association of the risk factors with the prevalence of the disease and
pests and logistic regression was also used to assess the strength of association. Statistical
significance was set at p ≤ 0.05.
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Chapter 4. RESULTS AND DISCUSSION
4.1 Socio-economic characteristics of the respondent
From the total of 384 sample households interviewed, about 91.1% were male headed and the
rest 8.9 % were female headed (Table 1). This indicates that the participation of women in
beekeeping activities in the study areas is much lower than males. This might be due to the
fact that even though women are able to work, beekeeping is considered as the work of men
in the study areas. However, the study result indicated that the participation of women in
beekeeping is better than the finding of Awraris Getachew et al. (2012) in Southern part of
Ethiopia. The conventional placement of the hives in forest areas makes it impossible for
women to operate them thus reducing women’s participation (Workneh Abebe. 2011).
Concerning to the educational status, 53 % of the respondents attended primary and junior,
8% of them went secondary and college and 11% can read and write, while about 22.4% were
illiterate (Table 1). This reveals that beekeeping is practiced by both groups (literate and
illiterate).However; it has been showed that beekeepers with better educational background
are more productive. Empowering beekeepers with knowledge and skills ensures availability
of modern technologies and increasing the beekeepers access to credit facilities (Mujuni et al.,
2012). Similarly, Workneh Abebe (2007) reported that education increases the access to
information and thereby possible knowledge of beekeepers regarding improved box hive. It
also increases the understanding of the technology and practice of facilitates. Therefore,
education is an important factor which if lacking can negatively impact on future improved
beekeeping and adopting new technologies.
Though the majority of the respondents (90.6%) own livestock, about 9.4% of them have no
livestock. These results also indicate that about 14.8% of the respondents possess no land
(Table 1).These show that beekeeping can be practiced by interested individuals having no
wealth and land. This is in line with the results of Nuru Adgaba (2007) and Kajobe et a.l
(2009) who indicated that beekeeping is a relatively low investment venture and can be
undertaken by any deprived people.
29
Table 1. Sex, educational level, livestock and land holding size of the respondents
Socioeconomic Variables Category N Percentage (%)
Sex Male 350 91.1
Female 34 8.9
Education Illiterate 86 22.4
Read and Write 60 15.6
Primary 120 31.3
Junior 87 22.7
Secondary 27 7
College and above 4 1
Livestock holding Ye 348 90.6
No 36 9.4
Land holding Ye 327 85.2
No 57 14.8
N=Number of respondents
The average age of the respondents was 45.05 ±10.45 years (Table 2). The result indicated
that people in the most economically productive age are actively engaged in beekeeping
activities. Similarly, Belets Gebremichael and Berhanu Gebremedhin (2014) indicated that
farmers aged above 48 years are most likely to have lower level of improved box hive.
The average family size of the beekeepers was 6.05±1.89 (Table 2). Majority of the
beekeepers stated that labor is one of the important factors to their beekeeping practices.
Workneh Abebe et al. (2011) stated that beekeepers with large family size have interest to
accept improved beekeeping technologies.
As could be observed from (Table 2), the beekeepers had an average experience of 11.56
±7.28 and 7.52±4.52 years for traditional and improved frame beekeeping, respectively. This
shows that traditional beekeeping have been practiced for possibly longer years. Having
cumulative knowledge of how to keep bees is a prerequisite to the ability to obtain process
and use information related to the practice.
The average land holding of the sample respondents during the study year was 0.6±0.4
hectares (Table 2) which is much less than the National average household land holding of 1.0
- 1.5 hectares. This indicates beekeeping does not require large lands.
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Table 2. Age, family size, landholding and experience in beekeeping of respondents
Socioeconomic  indicators N Mean Std. Deviation
Age 384 45.05 10.45
Family members 381 5.96 1.89
Land holding (ha) 377 0.6 0.4
Beekeeping experience in
Traditional 257 11.56 7.28
Improved frame hive 315 7.51 4.52
4.2 Beekeeping Practices
4.2.1 Types and Number of beehives owned by the respondents
As shown in Figure 2, the beekeepers use traditional and improved frame hive types. The
majority (43.0 %) of the beekeepers own both traditional and improved frame beehives
followed by only improved frame beehives (37%) and traditional beehives (20.5%).
Figure 2. Percentage of traditional and improved frame bee hive owned by the respondents
The number of traditional and improved frame beehives owned per household varied among
districts and beekeepers (Figure 3). Degua-Temben, Kilte-Awlaelo and Atsbi_Womberta
districts have relatively higher improved movable frame hives compared to other districts.
0
10
20
30
40
50
Traditional Improved movable
frame
Traditional and
improved movable
frame
Pe
rc
en
t (%
)
Types of hives
31
This is may be due to governmental and NGO interventions in modern beekeeping Most of
the traditional hives are either made locally by the beekeepers or made by local carpenters and
sold in local markets. Many of the traditional hives were not in appropriate sizes and shape for
bees to maintain them. Most of them were either larger or smaller than required.
Figure 3. Average number of traditional and improved movable frame beehive owned by
household of the study areas
4.2.2 Apiary types
Majority of the beekeepers (76.3%) in the study areas placed their honeybee colonies at the
back yard where as about 12.5 % of the beekeepers placed their honeybee colonies at closure
areas (protected areas). The rest placed in inside house (10.9 %) and hanged on trees found
near to the home (0.3%) (Figure 4).
This finding is in line with the research finding of Tessega Belie (2009), Gidey Yirga et
al.(2012), Nebiyu Yemane and Messele Taye (2013) and Niguse Gebru (2015), who reported
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that most beekeepers placed their honeybee colonies at back yard and inside the house.
Similarly, MCI (2009) reported that beekeeping is mostly practiced in gardens and homes
throughout the country. Nuru Adgaba et al.(2002) founded that some beekeepers in northern
Ethiopia place their honeybee colonies inside living rooms sharing the same doors with
members of the family providing hive entrances on the sides of the walls.
Figure 4. Hive placement in the study areas
4.2.3 Source of bee colony and means of stock increment
About 34.9 % of the respondents declared that got their establishing colonies by purchasing
from the market places and beekeepers, and followed by household package through
Agricultural office (26.8%), gift from parents (22.4%) and catching swarms (hanging bait
hives on the apex of trees) (15.9 % (Figure 5).
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Figure 5. Source of foundation colony
Once established the bee colony, beekeepers of the respective districts used different means to
increase their colony stock number. Majority (33.9%) of the beekeeper respondents’ indicated
that their colony numbers were with no change over time. Moreover, the respondents used
splitting (25.3%), reproductive swarming (25.0%), buying (10.9 %) and the rest through
swarm trapping (3.6%) and both buying and reproductive swarming (1.3%) (Figure 6).
Figure 6. Means of bee colony increment by the respondents
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4.2.4 Honey production and harvesting frequency
The respondents stated that they harvest about 10.38 ±4.45 kg of honey from the traditional
beehives and 26.53 ±8.75 kg from improved movable frame hives per harvest (Table 3). This
is similar to the result of Gidey and Mekonen (2010), who reported 8-15 kg and 20-30 kg of
honey from traditional and improved movable frame beehives in the region respectively. The
amount of honey obtained from traditional and improved movable frame beehives was higher
than the national average honey yield stated by (CSA, 2013) 8.35 kg and 19.79 kg
respectively. The difference may be due to climatic condition, beekeeping management and
extension support offered to beekeepers.
In the study areas, the majority of the respondents (60.3%) collect honey once in a year while
32.8% and 6.2% of the respondents harvested honey twice and three times respectively
(Figure 7).The frequency of harvest and amount of honey produced per production season
varied with all districts. Kajobe, et al, (2009) stated that frequency and amount of honey
harvested varied depending on seasonal colony management practices (skill of beekeepers);
flowering condition of major bee forage (rainfall) and type of beehive.
Table 3. Average honey yield (kg/hive/year) from traditional and improved frame beehives
Districts Traditional beehive Improved frame beehive
N Mean ±SD N Mean ±SD
Atsbi-Womerta 32 7.47±2.05 52 27.79±8.12
Kilte-Awlaelo 23 8.35±2.92 53 27.09±12.54
Ahferom 39 11.08±3.18 40 26.83±4.92
Kolla-Temben 45 12.69±5.64 48 26.83±8.51
Degua-Temben 33 11.42±5.42 48 27.17±8.74
Saharti-Samre 41 9.78±3.44 45 23.18±6.24
Overall 213 10.38±4.45 286 26.53±8.75
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Figure 7. Frequency of honey harvesting
4.2.5. Honeybee colony Marketing
Honeybee colony marketing is becoming a popular practice in Tigray region in which
honeybee colony marketing is carried out at central market places and individual producer’s
apiary. Beekeepers in the study districts keep their bee colonies for: both producing honey
and selling honeybee colony (59.4%), honey only (34.9%) and selling honeybee colony only
(5.7 %) (Figure 8).
.
Figure 8. Purpose of keeping honeybee colonies
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In Tigray, three districts (Ahferom, Atsbi-Wemberta and Werielekhe) are well known for
their honeybee colony market. Similarly, other research results (Nuru Adgaba, 2008) reported
that a fascinating aspect of traditional beekeeping is the practice of selling honeybee colonies
like other domestic animals. Teweldemedhn Gebretinsae and Yayneshet Tesfay (2014) also
reported that beekeepers of Ahferom and Ganta-afeshum districts sale their honeybee colonies
in the Werielekhe district market places. The same authors reported that swarming, splitting
and swarm catching (Werielekhe district only) are sources of colony for the market.
The price of one honeybee colony ranged from 500 to 1,800 ETB with an average of
1,245.69±305.97 (ETB) (Table 4). Lower price was recorded in Kolla-Temben and Saharti-
Samre districts. The lower price in the districts might be due to a lack of colony marketing
tradition and focus of beekeepers on honey trading. Currently, the selling price of a single
honeybee colony is drastically increasing from time to time. The price of a well-established
colony in a local hive ranges from 250-300 ETB before 2008 in Ahferom district (Nuru
Adgaba, 2008).This is due to the high demand of honeybee colonies in the study areas.
Table 4. Honeybee colony price in (ETB) in the year of 2014-2015 by districts
4.3 Major Constraints of beekeeping
Beekeepers pointed out different problems affecting the beekeeping industry in their
respective areas. The beekeepers in all study areas declared at least 9 major problems that
hinder the development of beekeeping in the region. Accordingly, the major problems
Districts Mean Std. Deviation Minimum Maximum
Atsbi-Womerta 1,334.78 226.54 750.00 1,700.00
Kilte-Awlaelo 1,397.78 182.03 800.00 1,700.00
Ahferom 1,200.44 97.57 1,000.00 1,500.00
Kolla-Temben 705.36 118.20 500.00 1,200.00
Degua-Temben 1,358.33 197.66 800.00 1,800.00
Saharti-Samre 918.09 122.22 600.00 1,200.00
Average 1,145.69 305.97
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affecting beekeeping development in the study areas in decreasing order were pests and
predators (28.3%), lack of knowledge and skills for beekeeping (poor management) (16%),
inadequate bee keeping equipment (15.9%), lack of bee forage (13%), absconding (12.9%),
agro-chemical application (9.9%), honey bee disease (2.5%), high costs of improved inputs
for beekeeping (1.1%) and honeybee colony death (0.2%) (Table5). These problems were
ranked according to what the farmers perceived the most import factors affecting beekeeping
development.
The current result is in agreement with Workneh Abebe (2007), Assefa Abebe (2009),
Keralem Ejigu et al. (2009), Tesega Belie (2009), Workneh Abebe and Paskur (2011),
Adeday Gidey et al.(2012), Assemu Tesfa et al. (2013), Nebiyu Yemane and Mesele Taye
(2013), Haftu Kelelew et al., (2015), and, Haftu Kebede and Gezu Tadese (2014) reported
that lack of bee forage, honeybee pests and predators and agro-chemicals are the major bottle
necks of beekeeping in all  regions of Ethiopia.
Table 5. Constraints that hampered the apiculture development in the study areas
Index = sum of (7*ranked 1st+ 6* ranked 2nd+5* ranked 3rd+4* ranked 4th+3* ranked 5th+2*
ranked 6th+1* ranked 7th) for individual reasons divided by the sum of (7*ranked 1st+ 6* ranked
2nd+5* ranked 3rd+4* ranked 4th+3* ranked 5th+2* ranked 6th+1* ranked 7th) for over all
reasons.
Problems Relative degree of importance
Index Over all
rank
1st 2nd 3rd 4th 5th 6th 7th
Lack of bee forage 37.00 68.00 43 50 10 1 - 0.130 4
Absconding 2.00 86.00 84 23 21 1 - 0.129 5
Pests and predators 279.00 57.00 21 5 1 - - 0.283 1
Disease 7.00 7.00 15 4 8 3 - 0.025 7
Agro-chemicals 39.00 61 27 14 3 4 1 0.099 6
Colony death 1.00 0 1 2 - - - 0.002 9
Poor management 6.00 62 54 100 70 35 3 0.160 2
Lack of improved
bee equipment
6.00 29 109 96 67 8 - 0.159 3
High costs of inputs 0.00 0 5 3 8 17 2 0.011 8
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4.4 Honeybee Pests and Predators
Respondents listed out pests and predators as important in irritating honeybees and their
products. After having identified the major pests, farmers were requested to rank them in
order of their importance and the result indicated that Ants (24.8%), Wax moth (24.7%), Bee-
eater birds (15.9%), Honey badger (13.7%), Spiders (12%), parasitic mites (9.9%), Lizards
(9%) and Dead hawks moth (5.4%) were the most harmful pests in order of decreasing
importance (Table 6).
The presence of the pests and predators, honey badger, ants, wax moth bee-eater birds, spiders
and lizards in Kilte-Awlaelo district were reported by Adeday Gidey et al. (2012). These pests
and predators were also reported from Atsbi-Womberta by Workneh Abebe (2007), Bure
district by Tesega Belie (2009), Gomma district by Challa Kinati et al (2013), Central zone of
Tigray by Haftu Kelelew et al. (2015) and from Walmara district by Dabessa Jatema and
Belay Abebe (2015). The same authors listed out the ants, wax moth, and bee-eater bird pests
as the top ranked pest of honeybees.
According to Kajobe et al. (2009), at least 12 pest and predators that attack honeybees and the
hives in Uganda were documented. In Ethiopia, more than 15 honeybee pests were identified
and recorded (Desalegn 2001, Desalegn and Amssalu, 2001, Desalegn and Yosef, 2005,
Desalegn and Amssalu, 2006). According to these studies, ant, wax moth, mice, birds, honey
badger, wasps, death's head hawks moth, bee lice (braula coeca), beetles , lizards, toads,
prey-mantis, spiders, pseudo scorpions (chelifer species) were among the major honeybee
pests registered locally. Similarly, honeybee pests such as ant, wax moth and spiders are
major constraints for beekeeping industry in Nigeria (Akinwande et al., 2013).
In the present study, ant was found to be the first ranked pest in the study areas. Similar
results were reported from different regions of Ethiopia such as Addis Abeba (Desalegn
Begna and Yosef Kebede, 2005), Atsbi-Womberta (Workneh Abebe (2007), Bure district
(Tesega Belie, 2009), Keffa, Shako and Bench- Maji zone (Awraris Getachew et al., 2012),
Central Ethiopia (Workneh Abebe, 2011),Gomma district (Challa Kinati et al, 2013) and
Central Tigray (Haftu Kelelew et al., 2015).
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Table 6. Rank index for major pests and predators of honeybees in the study areas
Index = sum of (7*ranked 1st+ 6* ranked 2nd+5* ranked 3rd+4* ranked 4th+3* ranked 5th+2*
ranked 6th+1* ranked 7th) for individual pests divided by the sum of (7*ranked 1st+ 6* ranked
2nd+5* ranked 3rd+4* ranked 4th+3* ranked 5th+2* ranked 6th+1* ranked 7th) for over all pests
Majority of the respondents (42.6%) claimed that traditional beehive is more prone to
honeybee pests and predators followed by both traditional and improved frame beehives
equally (27.2%) and improved frame beehives alone (13.6%) (Figure 9).
Figure 9. Responses of beekeepers on the effect of honeybee pests and predators on different
beehives
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Ants 87 163 65 18 14 - 0.248 1
Wax moth 162 84 55 30 3 - 0.247 2
Bee-eater birds 28 46 91 79 37 2 0.159 3
Honey badger 54 33 71 35 24 1 0.137 4
Lizards 24 13 16 32 43 53 0.09 7
Spiders - 1 2 7 12 22 0.012 5
Mite parasites 8 13 21 43 36 9 0.099 6
Death’s head hawks moth 8 15 23 40 12 9 0.054 8
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The majority of the respondents (87.6%) indicated that weak honeybee colonies are the most
victims for pests (Figure 10).
Figure 10. Responses of beekeepers on the effect of honeybee pests and predators on different
Effect of pests on honey yield is also presented in Table 7. Honeybee colonies infested with
pests and predators resulted in lower honey yield significantly (p<0.01) than those without
pests and predators (Table 7). Honey yield in traditional hives was most affected by the pests
and predators; they cause about 67.3% of honey loss, while the honey yield loss in improved
movable frame hive was 37%. This may be attributed to traditional hives are more susceptible
to the pests since these hives can easily harbor the pests; besides traditional pests are more
difficult to manipulate to control the pests and diseases unlike that of improved movable
frame hives.
Table 7. Effect of pests on honey yield using T-test
Hive types N
Honey production
(Kg/hive/harvest (Mean±SE)
P-value % of honey loss
due to pests
Without pest With pest
Traditional 213 10.4±4.4a 3.4±2.3b 0.00** 67.3%
Improved 292 26.5± 8.7a 16.7± 5.8b 0.00** 37%
Letters in a row with different superscript denote significant differences at p < 0.01
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More specifically, respondents informed that wax moth, ant and honey badger were the most
common problems and their effect on honeybee colony can be quantified easily compared to
lizards, spiders and birds.
Bee-eater birds feed on the bees especially those that forage for nectar. These birds
strategically position themselves near the hives and capture the bees that are flying out or into
the hive. The heavy traffic of bees flying in and out of the hives apiaries provides an
opportunity for insectivorous birds, large numbers of which may be attracted by this situation.
The level of damage caused by honey bee eater birds varies. An affected by a single bird or by
a few group rarely constitutes a serious problem, but when a large flock descends upon a few
colonies or an apiary, a substantial decline in the worker population in some or all the hives
may be observed.
Lizards stay very close to the hive or accommodate itself comfortably between the outer and
inner covers of the hive. Bees are also eaten by the lizards as they locate the apiary. Smaller
lizards often hide in the empty space between the hives.
The respondents replied that wax moth is a major causes for the dwindling of honeybee
colony (81%), honey loss (75%) and absconding (53.9%) of honeybee colonies. Similarly,
based on the beekeepers responses, ant (both small black and red) was found to cause
honeybee colony dwindling (80.2%), loss of honey production (79.4%) and absconding
(31.8%). About 19 % of the respondents felt that, honey badger harassed almost all, which
eventually resulted into either absconding or to death (Table 8).
Table 8. Percentage of respondents to the effect of major honeybee pests and predators on
honeybee colony
Major
Pests and
Predators
Honeybee colony
dwindling
Honeybee colony
Not yielded
Honeybee colony
Absconding
Yes No Yes No Yes No
Wax moth 311(81%) 73 (19%) 288(75%) 96(25% 207(53.9%) 177(46.1%)
Ants 308(80.2%) 78(19.8%) 305(79.4%) 79(20.6%) 122(31.8%) 262(68.2%)
Honey
badger
- - - - 73(19%) 311(81%)
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From the total 2624 honeybee colonies owned by the surveyed beekeepers, 1019 (38.8%) of
them absconded due to wax moth, ant, honey badger and death head hawks moth (Table 9).
To this effect, Wax moths accounted for a total of 341 (13%) honeybee colony absconding.
The current finding was in line with the research finding of Amssalu Bezabeh and Desalegn
Begna (2007), who reported high infestation level (26.66%) in South West Shoa zone
followed by West and East Shoa zones, respectively. This study indicated that about 56%-
75% of the Wax moth infected honeybee colonies absconded and the remaining dwindled. It
is one of the most important pests of honeybee colony with its wide distributions in Ethiopia
(Desalegn Begna, 2001). According to Kajobe et al., (2009), wax moths are generally found
wherever there are honey bees and particularly in warm conditions and causes destruction of
honey bee colonies. Annually it is estimated that the wax moth causes almost more than 5
million dollars in the U.S. (MAAREC, 2000).
Out of the total honeybee colonies owned by the respondents, 12.4% were absconded due to
Ants (Table 9). Ants eat honey pupae and eggs. They are too small to be stopped by beehive
guards and in many cases make the bees leave the hive. The same effect but higher than the
current result was revealed by Desalagn Begna (2007) in West and South West Shoa zones of
Oromia region, indicated that 44.2% of honeybee colonies were yearly attacked by ants of
which 24% absconds and 4.2% dies which resulted in 29% of the total honey yield lose which
is estimated to or over 3,839,810 ETB. Even in Central Ethiopia, ant is a serious problem of
beekeepers (Workneh Abebe, 2011). In Nigeria, the black ants are one of the most import
honeybee pests causing economic losses to beekeepers (Kajobe et al., 2009).
At the same time, about 257 honeybee colonies absconded due to honey badger, which is
9.8% of the total absconded honeybee colonies in the current study (Table 9). The main
damage of this animal is disturbance of the life of bee colonies through its capability of
opening and overturning beehives.
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Table 9. Number of honeybee colonies absconded due to honeybee pests and predators in the
year of 2012-2015
Traditional methods used by beekeepers to control honeybee pests and predators were
documented as shown in (Apendix Table 1). In this survey assessment, there was no any
chemical application reported by the beekeepers to control honeybee pests and predators.
Rather, beekeepers used their own indigenous knowledge of management to control honeybee
pests and diseases.
4.5 Prevalence of Honey Bee Disease and Parasitic Mites
Under this investigation, the major honeybee parasitic mites (varroa mites, bee lice and
tracheal mites), adult honeybee diseases (Nosema and Amoeba) and brood diseases (Chalk
brood, American Foul brood and European Foul brood) are presented.
However, Tracheal mites, AFB and EFD diseases were not found throughout the study period.
The absence of AFB and EFD may be due to the more hygienic behavior of the colonies in 24
hours (Appendix table2). Palacio et al. (2010) indicated that hygienic behavior is the ability of
workers to uncap cells and remove dead or disease brood (AFB, EFB and Chalk brood) from
them.
Districts
Total bee
colonies
owned by
the
respondents
Number of
bee
colonies
attacked by
Ants
Number of
bee
colonies
infested by
Wax moth
Number of
bee
colonies
attacked
by Honey
badger
Number of
bee
colonies
attacked by
Death head
hawks moth
Total Honey
bee Colonies
absconded
A/Womerta 392 58(14.8%) 59(15.1%) 45(11.5%) 20(5.1%) 182(46.5%)
K/Awlaelo 409 53(13%) 55(13.4%) 26(6.4%) 3(0.7%) 137(33.5%)
Ahferom 423 55(13%) 57(13.5%) 38(9.0%) - 150(35.5%)
K/Temben 521 52 (10%) 61(11.7%) 50(9.6%) 27(5.2%) 190(36.5%)
D/Temben 505 46(9.1)% 48(9.5%) 37(7.3%) 20(4%) 151(29.9%)
S/Samre 374 62(16.6%) 61(16.3%) 61(16.3%) 25(6.7%) 209(55.9%)
Total 2624 326(12.4%) 341(13%) 257(9.8%) 95(3.6%) 1019(38.8%)
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4.5.1 Prevalence and infestation of Varroa mites
From the total of 87 sample beekeeping sites (both apiary and backyard) examined, 82 sites
(94.2%) and 70 sites (80.4%) were positive to Varroa mites in adult bees during honey flow
and dearth period seasons respectively. Similarly, from the total of 80 beekeeping sites
examined in brood, Varroa mites were detected in 76 sites with overall distribution rate of
95% (Table 10).
Table 10. Apiary level prevalence of varroa mites in inspected apiary sites
Study districts Varroa mites in adult bees Varroa mites  on brood
cells during
honey flow season
Seasons
Honey flow Dearth period
N +Ve % +Ve % N +Ve %
Atsbi-Womberta 12 12 100 10 83.3 12 12 100.0
Kilte-Awlaelo 10 10 100 10 100 9 9 100.0
Ahferom 16 16 100 16 100 16 16 100.0
Kolla-Temben 15 13 86.7 11 73.3 12 11 91.7
Degua-Temben 17 16 94.1 12 70.6 17 16 94.1
Saharti-Samre 17 15 88.2 11 64.7 14 12 85.7
Over all 87 82 94.2 70 80.4 80 76 95.0
N=Number of apiary sites examined, +Ve= Number of sites found positive
From the total of 384 honeybee colonies examined for infestation of Varroa mites in adult
bees, the prevalence recorded during honey flow and dearth seasons was 235 (61.2%) and 205
(53.4%), respectively (Table 11). From the total of 281 honeybee colonies examined, 258
(91.8%) were positive to Varroa mites in the sealed brood (Table 11).
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Table 11.Colony level prevalence of varroa mites in the study areas
Study districts Varroa mites in adult bees Varroa mites  on brood
cells during honey flow
season
Seasons
Honey flow Dearth period
N +Ve % +Ve % N +Ve %
Atsbi-Womberta 65 52 80 43 66.2 45 45 100
Kilte-Awlaelo 64 43 67.2 41 64.1 52 52 100
Ahferom 65 45 69.2 44 67.7 45 45 100
Kolla-Temben 63 23 36.5 21 33.2 45 33 73.3
Degua-Temben 63 41 65.1 34 54 47 43 91.5
Saharti-Samre 64 31 48.4 22 34.4 47 40 85.1
Over all 384 235 61.2 205 53.4 281 258 91.8
N=Number of honeybee colonies examined, +Ve= Number of honey bee colonies found
positive
The result from the sample sites showed that Atsbi-womberta, Kilte-Awlaelo and Ahferom
districts were heavily infested with Varroa mites in both adult bees and brood analysis and
low infestation was measured in Kolla-Temben district.
The causes of variation in prevalence among the studied districts might be attributed to
different factors such as ecological variability, season and management aspects. Alattal et al.
(2006) explained that the prevalence variation among localities is the product of interaction
between several factors including ecological factors, bee type and Varroa mite dynamics. In
the current study, the highest prevalence in the three districts (Atsbi-womberta, Kilte-Awlaelo
and Ahferom) might be attributed to their honeybee colony movement and colony marketing
places for most of the other districts. The overall prevalence in this finding is slightly lower
than reports previously by Desalegn Begna (2015) in Tigray region, who reported that all the
surveyed areas tested positive to varroa mite with 82% of prevalence.
The distribution rate of Varroa mites in African countries were, 89.5% infected apiaries with
85 % colony level prevalence in Kenya (Muli et al., 2014), in East Africa (Kenya, Tanzania
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and Uganda) 84.6% of the tested localities with 87% colonies were infested with Varoa
(Fazier et al., 2010), 92% in Tanzania (Mumbi et al., 2014), 78.6% in Nigeria (Akinwande et
al., 2013),100% in South Africa (Strauss et al.,2013). Similarly, 100% in Jordan (Alattal et
al., 2006) were reported.
The honeybee colony level risk factors considered during the study were agro-ecology, colony
management, types of beehive, Sources of honeybee colonies, comb age, colony strength and
micro-environment results were summarized in (Table 12).
The overall prevalence of Varroa mites in highland, midland and lowland was 73.2%, 61.7 %
and 35.9 % respectively. The overall infestation rate of Varroa mite is significantly (p < 0.01)
higher in highland than both midland and lowland agro ecological zones.
The prevalence of Varroa mites in honeybee colonies kept in apiary (enclosure areas)
management system was 62.3% and 60.7% in backyard beekeeping systems.
Considering the types of beehives, the highest prevalence of Varroa mites (68%) was
observed in traditional hives than improved frame hives (58.8%).
The effect of colony source on the prevalence of Varroa mites was analyzed. The prevalence
was 61.8%, 65.5% and 60.4% for purchased, Swarmed and owned honeybee colonies
respectively. Despite the presence of variations in infestation rate, a statistically significant (P
> 0.05) difference was not observed among all colony sources.
In the honey comb age investigation, significant (p<0.05) variation was observed where the
new comb (65.5%) were found to be affected more than the old comb (52.2%).
When prevalence of Varroa mite was calculated based on colony status, the highest
prevalence (67.1%) was observed in strong colonies, while the lowest (51.9%) was observed
in weak colonies (Table 12).The difference in prevalence of Varroa mite was statistically
significant among bees of different colony status (p<0.05).
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Honeybees placed in shade and full sun micro-environment were found to be infested with a
prevalence of 65.4% and 59%, respectively with no statistically significant difference
(P>0.05).
Significantly higher prevalence of Varroa mites (p<0.05) were recorded in honey flow season
(61.2%) than in dearth period (53.4%).
In the Univariate logistic regression results, agro-ecology, colony strength and comb age and
seasons were associated with the prevalence of Varroa mites (Table 12).
The Univariable logistic regression analysis showed highland agro-ecological zones are 4.9
times (OR=4.876, 95% CI=2.560-9.286, P=0.000) more likely to be infested than lowland
(Table 12). This is most probably attributed to the lower temperature and high humidity
prevailing in the highland agro ecological zones may suit for reproduction and multiplication
of mites or the indirect effect of honeybee behavior.
According to Human et al. (2006), relative humidity has a particular importance within the
colony where high humidity is mostly required for brood development. According to
Rosenkranz et al., (2010), temperature and relative humidity are the climatic variables that
had most significant effect on Varroa mite reproduction. The same source reviewed that
infestation rates of adult Africanized honey bees by Varroa mites rose from 4% to 11%, when
they were moved from warmer to colder climates in Brazil. The findings concur with earlier
reports by Muli et al., (2014) who stated that levels of Varroa mites are strongly impacted by
elevation suggesting that environmental factors modulate Varroa infestation rates. Based on
Bruce et al. (1997), Varroa mites are susceptible to dehydration when the temperature is high.
Hence body weight mass was lost making difficult to reproduction. Highly significant and
positive correlation was observed with relative humidity by Nageh et al., (2011).
Statistically significant difference was observed between new and old combs. Higher
prevalence was observed in new comb than in old comb (OR=1.745, 95% CI=1.090-2.794,
P<0.05) (Table 12) suggesting that larger cell size may create an ideal opportunity for Varroa
offspring reproduction. Normally, the cell size is determined by the type casts and repeated
use of the comb. Drone brood cells are larger in area than worker brood cells and resulted the
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mites produce more offspring. It is well known that Varroa mites preferentially attacks drone
over worker brood. The cell size of old comb is smaller because debris and microorganisms
are accumulated. This finding is in agreement with Piccirillo and De Jong (2003) who stated
larger cells attract more Varroa mites since the mites produce more offspring. It was also
coincides with the finding of Hassan (2000) reported that female Varroa mites reproduced
more in new than in old brood combs. However, the findings disagree with that of Piccirillo
and De Jong (2004) who reported that the mean percentage of brood cells infested with
Varroa mite was significantly higher in the old combs (22.6%), than in the new combs
(9.75%), suggesting that the substances could be attractants or stimulants for Varroa mites or
indirect effect of a tendency of nurse bees to spend more time on old comb. Other
characteristics of the bee larva, of the wax comb, or of the larval food, could also be factors
that influence the behavior of mites seeking brood cells for reproduction.
The Univariable logistic regression analysis for colony strength also showed strong honeybee
colonies are 0.8 times (OR=0.859, 95% CI=0.500-1.476, P<0.01) more likely to be infested
than weak colonies (Table 12).The current result is in consistency with Muli et al.(2014) who
found significant positively correlation between level of Varroa mites and colony size. This
fact was supported by the results of Rosenkranz et al. (2010) explained that the reproduction
of Varroa mites is closely synchronized with the brood development of the host .Moreover,
Varroa mite population dynamics is influenced by its host population dynamics and by
internal and external factors (Fries et al., 1994; Darabus et al., 2011).
Honeybee colonies during honey flow season are more likely to be infested by Varroa mites
1.4 times during the dearth period (OR=1.377, 95%CI=1.034-1.835, P<0.05) (Table 12).
Significantly higher prevalence of Varroa mites (p<0.05) were recorded in honey flow season
(61.2%) than dearth period season (53.4%). The low prevalence rate of Varroa mites during
the dearth period might be attributed to the low brood rearing in dry season, which hiders the
growth and reproduction of the mites. Darabus et al. (2011) explained that the length of
periods without brood, the level of foretic mites, bees and mite reproduction and mortality of
mites are some of the factors with major impact on population trends of Varroa mites.
Rosenkranz et al. (2010) also indicated that the broodless period reduces mite population
growth.
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Table 12. Univariate logistic regression analysis of risk factors associated with prevalence of
Varroa mites in honeybee colonies
Variables Category Prevalence
(%)
2 OR 95% CI P-Value
Agro Ecology Lowland# 35.9 24.95
5
1 0.000**
Midland 61.7 2.867 1.593-5.157
Highland 73.2 4.876 2.560-9.286
Management Apiary 62.3 0.091 0.763
Backyard 60.7
Hive types Modern 58.8 2.635 0.105
Traditional 68
Colony Sources Purchased 61.8 0.310 0.856
Swarmed 65.5
Own 60.4
Comb age Old# 52.2 5.424 1 0.020*
New 65.6 1.745 1.090-2.794
Colony Strength Weak# 51.9 0.026 1 0.026*
Medium 63.6 0.531 0.331-0.851
Strong 67.1 0.859 0.500-1.476
M/environment Shade 65.4 1.523 0.217
Full sun 59
Seasons Dearth
period#
61.2 4.789 1 0.029*
Honey flow 53.4 1.377 1.034-1.835
** Association is significant at the 0.01 level, * Association is significant at the 0.05 level,
#Reference category
An average of 289.7±38.9 bees per colony was examined through adult bee colonies and an
average of 6.96±0.35 and 3.64±0.23 Varroa mites were detected during the honey flow and
dearth period seasons respectively (Table 13).The average number of varroa loads in honey
flow seasons were significantly higher than in dearth period (t (766) =8.048, P<0.01).
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This number is much lower than the reports from Nigeria (2-55 mites per 100 bees)
(Akinwande, 2012), Kenya (26.3 mites per 717 bees) (Fazier et al., 2010).The lower number
of mites in the current result might be the hygienic behavior of the local honeybees.
Varroa mite is the most detrimental honey bee parasite in the world today (Rosenkranz et al.,
2010). In the United States, it is recommended that colonies are treated for mites when 5–20
mites are found in samples of, 300 bees in the fall (Delaplene and Hood, 1997). Moreover,
Rose et al. (2014) demonstrated that the economic threshold for Varroa mites is seasonally
and regionally specific generally an average load of over 3 mites per 100 adult bees is concern
in United states. Whereas in several parts of the world varroa is the major pest affecting
apiculture, in others the parasite is unknown to many beekeepers because its damage to bees
is minor (Moretto. and Leonidas, 2003).
Table 13. Seasonal mean comparison of Varroa loads using independent T-test
Seasons N Mean±SE t P-Value
Honey flow 384 6.96± 0.34a 8.048 0.000**
Dearth period 384 3.64±0.233b
Letters in a column with different superscript denote significant differences at p < 0.01
However, Varroa levels in the sampled colonies were not correlated with decreases in colony
strength; in fact, there is a positive correlation between Varroa numbers and colony strength
(bee population, brood area and food reserves) (Table 14). Moreover, none of these positively
tested honeybee colonies showed any parasitic syndrome which is controversial with the
previous report by Desalegn Begna (2015). Likewise, beekeepers surveyed were neither
aware of the mite’s presence nor had they observed any negative impact on the survival
and/or productivity of their bees.
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Table 14. Correlations of Varroa load level and colony population
BP BA PA NA VA VB
BP R 1 .878** .811** .810** .016 .177
P .000 .000 .000 .906 .206
BA R 1 .924** .863** .130 .117
P .000 .000 .349 .404
PA R 1 .972** .124 .076
P .000 .371 .587
NA R 1 .096 .075
P .532 .625
VA R 1 .288**
P .000
VB R 1
** Correlation is significant at the 0.01 level, R=Correlation coefficient, P=P-value, BP=Bee
population, BA=Brood area, PA=Pollen area, NA=Nectar area, VA=Varroa mites in adult bee, VB=
Varroa mites in brood
Figure 11. Varroa mite
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4.5.2 Prevalence of Bee lice
Of the total 87 apiaries assayed for the presence of Braula coeca, 43(49.4%) and 15(17.4%)
had lice during honey flow and dry seasons respectively (Table 15). In total, 384 honeybee
colonies were assayed for Braula coeca and was found in 105 (27.5%) and 22(5.73) of them
during honey flow and dry seasons, respectively (Table 15).
Table 15.Prevalence of bee lice in inspected apiary sites and honeybee colonies
Study districts Apiary level prevalence Colony level prevalence
Seasons Seasons
Honey flow Dearth period Honey flow Dearth period
N +Ve % +Ve % N +Ve % +Ve %
Atsbi-Womberta 12 8 66.7 1 8.3 65 19 29.2 1 1.5
Kilte-Awlaelo 10 7 70.0 2 20.0 64 26 40.6 5 7.8
Ahferom 16 12 75.0 5 31.2 65 21 32.3 8 12.3
Kolla-Temben 15 3 20.0 2 13.3 63 8 12.7 2 3.2
Degua-Temben 17 6 35.3 2 11.8 63 12 19.0 3 4.8
Saharti-Samre 17 7 41.2 3 17.6 64 19 29.7 3 4.7
Over all 87 43 49.4 15 17.2 384 105 27.3 22 5.73
N=Number of apiary sites examined, +Ve= Number of sites/colonies found positive
The overall prevalence of bee lice observed in the current study was much greater than the
previous reports in Wukro wereda by Adeday Gidey et al. (2012) with prevalence of 5.5% in
adult honey bees. However, the current finding was also much lower than the report by
Gemechu Gizachew et al. (2013), who found 42% lice prevalence in and around Holeta. On
top of that, Donson (1999) reported bee lice with prevalence of 73%, 34% and 50% in the
south-west region of England, west region of Wales, and central England, respectively. In a
study done in Jordan (Al-Ghzawi et al., 2009), Bee lice, Braula coeca was detected from
64.3% of inspected apiaries and diagnosed in 45.4% of bee hives. In South Africa, bee lice
were detected in 92% of apiaries with highly prevalent in all seasons (Strauss, et al., 2013).
The difference in prevalence of bee lice in the current and other previous studies might be due
to the occurrence of bee lice in the different study areas associated with difference of
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environmental factors or management practices, or any other factor affecting occurrence of
bee lice. Strauss et al., (2013) suggested that the African continent might serve as a refuge for
bee lice, because chemical treatments are generally not used to control Varroa mites in
African honeybee colonies. The concerns for bee lice may become less common in areas
where fluvalinate chemical is used to control Varroa jacobsoni (Kulincevic et al., 1991).
The honeybee colony level risk factors for the presence of bee lice considered during the
study were agro-ecology; colony management, hive types, comb age, colony strength and
micro-environment are summarized in (Table 16).
The investigation result revealed higher prevalence of bee lice in midland 65(33.7%) and
highland 28(21.9%) than the lowlands 8 (12.7% (Table 16) with statistically significant
difference (OR=3.491, 95% CI=1.570-7.766, P<0.01). The result was in line with the report
of Gemechu Gizachew et al. (2013) who suggested that the difference in environmental
factors like temperature, which might affect multiplication or survival of bee lice.
Comparisons of the prevalence of bee lice in beekeeping management aspect showed
relatively higher prevalence in apiary (enclosure areas) 44 (36.1%) than in backyard
57(21.8%) (Table 16) was observed with significant difference (OR=2.029, 95% CI=1.266-
3.252, P<0.01) (Table 16).This might be the high density of individuals within the colony,
their close physical contact with one another (through casual contact, communication, and
mutual grooming) and the trophallactic interchange of food and glandular substances all
provide numerous and diverse opportunities for pathogen transmission, which is supported by
Fries and Camazine (2001).
The higher prevalence of bee lice 29 (29%) was observed in traditional hives than in
improved frame beehives 72 (25.4%) however, there was no statistically significant difference
in prevalence of lice in bees kept in both hive types (P<0.05) (Table 16).
When prevalence of bee lice was calculated based on colony status, the highest prevalence of
bee lice (30.5%) was observed in strong colonies, while the lowest (19.4%) was observed in
weak colonies. However, the difference in prevalence of bee lice was not statistically
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significant among colonies of different status (P>0.05) (Table 16).This could be due to the
full nectar resources of the colonies collected by the individual bee population as a result bee
lice could compute for food for its survival.
Table 16.Univariate logistic regression analysis of potential risk factors associated with
prevalence of bee lice in honeybee colonies
Variables Category Prevalenc
e (%)
2 OR 95%CI P-Value
Agro Ecology Lowland# 12.7 12.727 1
Highland 21.9 1.925 0.821-4.512 0.132
Midland 33.7 3.491 1.570-7.766 0.002**
Management Backyard# 21.8 8.793 1
Apiary 36.1 2.029 1.266-3.252 0.003**
Hive types Modern 25.4 0.508 0.476
Traditional 29
Comb age New 28.8 1.540 0.215
Old 27.8
Colony Strength Weak 19.4 4.937 0.85
Medium 28.4
Strong 30.5
M/environment Shade 28.6 0.541 0.462
Full sun 30.5
Seasons Dearth period# 26.3 60.186 1
Honey flow 5.7 5.8 3.600-9.528 0.00**
** Prevalence is significant at P<0.01, #Reference Category,
In the current finding, there was no negative impact of bee lice on honeybee colony strength,
rather positive correlation was observed (Table 17). However, according to the survey study
conducted at different part of Ethiopia by Chala Kinati et al. (2012), Tesega Belie (2009) and
Gidey Yirga and Mekonnen Teferi (2010), bee lice was considered as major challenge for
honeybee colony. Adults do steal food from bees and larvae and when large numbers are
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found on a queen, they may reduce the food availability to her and impair her egg-laying
ability (Coffey, 2007).
Table 17. Correlations of bee lice and colony performance
BP BA PA NA BL
BP R 1 .879** .813** .812** .157
P .000 .000 .000 .256
BA R 1 .925** .865** .256
P .000 .000 .062
PA R 1 .973** .164
P .000 .237
NA R 1 .022
P .888
BL R 1
P
** Correlation is significant at the 0.01 level, R=Correlation coefficient, P=P-value, BP=Bee
population, BA=Brood area, PA=Pollen area, NA=Nectar area, BL=Bee lice
Figure 12. Bee lice
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4.5.3 Prevalence of Nosema disease
Eighty seven apiaries and 384 honeybee colonies were assessed for the presence of Nosema
apis. Nosema was identified in 44 apiary sites (50.6%) and 127 (38.8%) colonies during the
honey flow season (Table 18). However, Nosema was not found during the dearth period. The
occurrence of Nosema apis was in agreement with Strauss et al., 2013), who found that the
pathogen was limited during the dry season in South Africa.
Throughout the world, nosema disease probably occurs wherever bees live (Moeller, 1978).
The prevalence of the current finding is lower than the previous reports in Ethiopia: Diagnosis
made on 152 honeybee colony at Addis Ababa reported prevalence of 53.3% (Desalegn
Begna and Yosef Kebede, 2005). In Ethiopia nosema was also reported from different regions
with varying prevalence ranges such as 58% in Oromia, 60% Benishangul-Gumuz and 47% in
Amhara regions (Aster Yohannes et al., 2010). In the central highlands of Ethiopia, Nosema
infection rate was reached up to 82 % (Amssalu Bezabeh, 2012).The difference of Nosema
prevalence may indicate that severity of Nosema differed among colonies, apiaries and across
geographical regions, which is supported by (Doull and Cellier, 1961). It was also much lower
than the report from Nigeria (64.29%) by Akinwande et al. (2013).Similarly, in Kenya;
Nosema was identified in 83.3% colonies in four apiaries (Fazier et al., 2010).
Table 18. Prevalence of Nosema apis in inspected apiaries and honeybee colonies
Districts Apiary level prevalence Colony level prevalence
Examined Positive % Examined Positive %
Atsbi-Womberta 12 8 66.7 65 35 53.8
Kilte-Awlaelo 10 5 50 64 18 28.1
Ahferom 16 10 62.5 65 24 36.9
Kolla-Temben 15 1 1.1 63 2 3.2
Degua-Temben 17 11 64.7 63 29 46
Saharti-Samre 17 9 52.9 64 19 29.7
Over all 87 44 50.6 384 127 38.8
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The overall prevalence level of Nosema apis in highland, midland and lowland was 50%, 31.6
% and 3.2 % respectively (Table 19). The overall prevalence of Nosema apis is significantly
(p < 0.01) higher in highland than both lowland and lowland agro ecological zones. The effect
of agro ecology on the prevalence of Nosema apis was analyzed using logistic regressions
which indicated that honeybee colonies in highlands are more likely to be affected 30 times
than in lowlands with (95% CI: 7.151-130.081,P<0.01) (Table 19). This might be due to the
effect of temperature and humidity that affect the spread of Nosema apis. The current finding
is in agreement with the finding of Amssalu Bezabeh (2012) who stated that increase in
humidity and rainfall limit honeybees to fly out for cleansing, which in turn enhances spread
of the disease among the members and autoinfection. The same result was demonstrated by
Alireza et al. (2009) who stated that the mountainous climate of the Northwestern Iran and the
highest level of humidity in the spring bring about nosema spreads.
The highest prevalence of Nosema apis (43%) was observed in traditional hives than
improved frame hives (29.6%) and there was statistically significant difference in prevalence
of Nosema apis in honeybee colonies kept in both hive types (P<0.05 with the logistic
regression (OR=1.796, 95%CI=1.122-2.876, P=0.015) (Table 19). The highest prevalence of
Nosema apis observed in traditional hive might be associated with the difference in the
management practice. Traditional beehives are difficult to easily manipulate and control
honeybee pests and diseases and would become susceptible to the pests and disease.
Razmaraii and Karimi (2010) explained that poor management increases the sensitivity of
honeybee colonies to diseases. However, the result was contradicted with the finding of Qertel
(1967) stating that colonies of honey bees that are opened and manipulated at regular intervals
showed more infection with Nosema apis concluded that queen rearing colonies, which must
be manipulated frequently, are likely to show more infection than colonies worked normally
for honey production.
Higher prevalence (41.4%) was observe in shade microenvironment than exposed for full sun
(28.7%) with a statistically significant difference ( 2 = 6.303, P < 0.05) (Table 19).The
logistic regression analysis showed that honeybee colonies placed under shade microclimate
was more likely infected to 0.6 times (OR=0.570, 95%CI: 0.367-0.886,P=0.012) than those
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kept at exposed for full sun (Table 19). The result was in consistence with Swart (2003) who
noted that the highest incidences of the disease were in the forestry areas of South Africa
where Eucalyptus grandis are predominantly planted. The higher humidity, lack of direct
sunlight or higher relative humidity within the hives when they are placed inside the
plantations may be conducive to the disease, which may hinder the proper regulation of heat
and humidity inside their nests and suffocate the colonies, placing them under unnecessary
stress.
Despite the presence of variations in the prevalence values, a statistically significant (P >
0.05) difference was not observed among beekeeping management, colony sources and
colony strength (Table 21).
Table 19. Univariate logistic regression analysis of risk factors associated with prevalence of
Nosema apis in honeybee colonies
Variables Category Prevalence
(%)
2 OR 95%CI P-Value
Agro Ecology Lowland # 3.2 42.199 1
Midland 31.6 14.095 3.337-59.534 0.000**
Highland 50 30.500 7.151-130.081 0.000**
Management Apiary 32 0.99 0.753
Backyard 33.6
Hive types Modern # 29.6 6.020 1
Traditional 43 1.7796 1.122-2.876 0.015*
Colony source Purchased 30.9 0.519 0.357
Swarmed 44.8
Own 32.7
Colony Strength Weak 34.9 0.515 0.868
Medium 34.1
Strong 31.1
Microenvironment Full sun # 28.7 6.303 1
Shade 41.4 0.570 0.367-0.886 0.012*
** Prevalence is significant at P<0.01,* Prevalence is significant at P<0.05, # Reference Category
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The mean number of spore loads ranges from about 1x105 in low land to 6x105 in highlands
(Table 20). The spore number recorded from highland agro-ecology was significantly
(p<0.01) higher than in midland and lowland areas. The spore number in the current finding is
much lower than the finding in Central highland of Ethiopia by Amssalu Bezabeh (2012) who
found up to 25 million spores per individual bees. This variation might be due to the season of
the sample taken or the humidity difference of the geographic areas. According to Wiese
(1974) cited in Amssalu Bezabeh (2012), the critical level of spore load is 30-50 million
spores in the gut of infected bees over considerable length of time. The gut of heavily infected
bees can contain up to 180 million spores (Cantwell, 1970). Yucel and Dogaroglu (2005)
from Turkey classified the prevalence level as low (0.1 to 5 million spores per bee), medium
(5 to 10 million) and heavy (over 10 million).The same source indicated that less than 2
million spores in a bee could be accepted as healthy in colony condition.
Table 20.Mean number of Nosema spores in Nosema infected individual honeybees by agro-
ecology
Agro ecology Mean±SE
Highland 6x105 ±5x104a
Midland 3x105 ±4x104b
Lowland 1x105 ±7x104b
Different letters in each column indicate significant differences between group means at p<0.01
Number of Nosema spores in infected adult honeybee was not significantly correlated with
bee population (R=0.85, P>0.05), brood rearing (R=0.184, P>0.05), pollen (R=0.152, P>0.05)
and nectar (R=0.163, P>0.05) stores in the hive (Table 21).This indicates that irrespective of
increase in nosema spore level, honeybee population, brood rearing and food stores were
increased with the same trend. The adult honeybee population is strongly significantly
positively correlated with brood rearing (R=0.879, P<0.01), pollen (R=0.813, P<0.01) and
nectar (R= 0.812, P<0.01) collection. Similarly brood rearing is strongly significantly
positively correlated with pollen (R=0.925, P<0.01) and nectar (R=0.865, P<0.01) collection.
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In the current finding, Nosema apis had no effect on the honeybee population growth, brood
rearing and food stores. Even there were no gross symptoms observed for the infection. This
may be due to its low level of spore loads. The same results reported by Amssalu Bezabeh
(2012) in Central highlands of Ethiopia. In Australia, a broad range of infection levels ranging
from 10,000 to 12,236,000 spores per bee were reported (Hornitzky, 2005). This range
suggested that some beekeepers were better able to control nosema disease than others,
although they were probably not aware what impact these practices were having on Nosema.
apis levels. However, the impact of Nosema apis infection on beekeeping economics is
enormous in temperate climate but it is often underestimated by beekeepers (Topolska and
Aleksandra, 2005). The disease is often referred to as the “Silent Killer” (Hornitzky, 2005),
because the absence of obvious signs is often not noticed. It retards colony development, thus
affecting pollination, honey production and cause queen supersedure (Moeller, 1978);
decrease bee longevity (Swart, 2003).An experiment conducted in Turkey by Yucel and
Dogaroglu (2005) proved that Nosema apis could give very harmful effect on colony
performance in case of untreated honeybee colonies.
Table 21. Correlations of Nosema spore load with honeybee population strength
BP BA PA NA NS
BP R 1 .879** .813** .812** .085
P .000 .000 .000 .543
BA R 1 .925** .865** .184
P .000 .000 .183
PA R 1 .973** .152
P .000 .274
NA R 1 .163
P .286
NS R 1
P
** Correlation is significant at the 0.01 level, R=Correlation coefficient, P=P-value, BP=Bee
population, BA=Brood area, PA=Pollen area, NA=Nectar area, NS=Nosema spore load
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4.5.4 Prevalence of Amoeba disease
Eighty seven (87) apiaries and three hundred eighty four (384) honeybee colonies were
assessed for the presence of Amoeba disease (malpighamoeba mellificae). It was identified in
78 (89.7%) and 38 (43.7%) sites during honey flow and dearth period seasons, respectively
(Table 23). Moreover, 240 (62.5%) and 89(23.2%) honeybee colonies were infected with
malpighamoeba mellificae pathogen during honey flow and dearth period seasons
respectively (Table 22). The result showed that malpighamoeba mellificae pathogen was
occurred throughout the year but more prevalent during honey flow season than in dearth
period. The same result reported by Amssalu et al. (2010) indicated that Amoeba disease was
reported to be widely distributed and identified in most places of the country throughout the
year.
Diagnosis made on honey bees in field and laboratory at Addis Abeba reported a prevalence
rate of 73% of amoeba prevalence. The diseases was also reported with high prevalence rate
in different regional state of Ethiopia such as; Oromia region with prevalence rate (88%),
Amhara region (95%) and 60 % in Benishangul- Gumuz (Aster Yohannes et al, 2010).
Table 22. Prevalence of malpighamoeba mellificae in inspected sites and honeybee colonies
Study districts Apiary level prevalence Colony level prevalence
Seasons Seasons
Honey flow Dearth period Honey flow Dearth period
N +Ve % +Ve % N +Ve % +Ve %
Atsbi-Womberta 12 12 100 5 41.7 65 57 87.7 19 29.2
Kilte-Awlaelo 10 9 90 5 50.0 64 37 57.8 17 26.6
Ahferom 16 15 93.8 11 68.8 65 33 50.8 18 27.7
Kolla-Temben 15 11 73.3 5 33.3 63 30 47.6 9 14.3
Degua-Temben 17 16 94.1 5 29.4 63 52 82.5 12 19.0
Saharti-Samre 17 15 88.2 7 41.2 64 31 48.4 14 21.9
Over all 87 78 89.7 38 43.7 384 240 62.5 89 23.2
N=Number of apiary sites examined, +Ve= Number of sites/colonies found positive
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The overall prevalence of malpighamoeba mellificae in highland, midland and lowland was
85%, 52.3 % and 50 %, respectively (Table 23). The overall prevalence of was significantly
(p < 0.01) higher in highland than both lowland and lowland agro ecological zones. The effect
of agro ecology on the prevalence of malpighamoeba mellificae was analyzed using logistic
regressions which indicated that honeybee colonies in highlands are more likely to be infected
6 times than in lowlands with (95% CI: 3.152-12.634, P<0.01) (Table 23).The idea was
supported by FERA (2013) explaining that bees are unable to retain the large accumulation of
water in their bowels, resulting in diarrhea. Fermented stores also stimulate dysentery, as will
acid-inverted sucrose. The research finding by Amssalu Bezabeh and Desalegn Begna
(2012b) also reported that highest cyst number (disease intensity) in the months of April and
August (high humidity) and lowest intensity in the month of January (high temperature) was
recorded.
Despite the presence of variations in the prevalence rate, a statistically significant (P > 0.05)
difference was not observed among beekeeping management, colony sources and colony
strength (Table 23).
Table 23.Risk factors associated with the prevalence of Amoeba in honeybee colonies
** Infection is significant at p<0.01, # Category reference
Variables Category Infection
(%)
2 OR 95%CI P-Value
Agro-ecology Lowland# 46.9 42.500 1
Midland 52.3 1.208 0.683-2.134 0.516
Highland 85.8 6.311 3.152-12.634 0.000**
Management Apiary 58.2 1.410 0.235
Backyard 64.5
Hive types Modern 62.3 0.014 0.904
Traditional 63.0
Colony Sources Purchases 58.2 1.291 0.524
Swarmed 62.1
Own 64.5
Colony Strength Weak 61.2 1.007 0.604
Medium 67.0
Strong 61.1%
Microenvironment Shade 67.7 2.320 0.128
Full sun 59.8
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Out of the 50 individual bees of a colony examined, on average 7.5(15%) was infected with
amoeba with range of 4.76 (9.5%) to 10.52(21.1%). Correlation of the disease intensity with
honeybee population strength was examined as shown in (Table 24). In the current finding,
Amoeba disease had no effect on the honeybee population growth, brood rearing and food
stores (Table 24). Even there were no visible gross symptoms observed for Amoeba infection.
This may be due to low level of cyst number (disease intensity) in a diseased bee. The result is
in agreement with Amssalu Bezabeh and Desalegn Begna (2005) stated that Amoeba has no
considerable effects on honeybee colony and its product. FERA (2013) explained that the
disease is mostly caused by poor nutrition and the condition is not usually serious but it can
aggravate the effects of any disease that is present in a hive and has been associated with the
death of colonies.
Table 24. Correlations of Amoeba positive with honeybee population strength
BP BA PA NA AP
BP R 1 .879** .813** .812** .219
P .000 .000 .000 .139
BA R 1 .925** .865** .242
P .000 .000 .101
PA R 1 .973** .122
P .000 .414
NA R 1 .256
P .121
AP R 1
P
** Correlation is significant at the 0.01 level, R=Correlation coefficient, P=P-value, BP=Bee
population, BA=Brood area, PA=Pollen area, NA=Nectar area, AP=Number of Amoeba
infected bees
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4.5.5 Prevalence of Chalk brood disease
Out of 87 apiary sites and 384 examined colonies, 28 (32.2%) and 65(16.9%) were found
infected with chalk brood disease (Ascosphaera apis) during the honey flow season. But the
occurrence of Chalk brood disease was limited during the dearth period season. Highest
prevalence was recorded in Atsbi-Womberta district (35.4%) and the lowest in Kola-Temben
district (3.2%) (Table 25).This is due to the agro-ecology difference, which affects the
occurrences of the pathogen indicated that humidity favoures the multiplication of fungus.
The mummies (dried larvae) of the infested colony were found in front of the hive entrance
but there was no any sign with in the cell of the comb, which is may be due to the higher
hygienic behavior of the bees.
The current result was much lower than the previous reports conducted in different part of
Ethiopia at different times. During the first time of its discovery in Ethiopia by Desalegn
Begna (2000), 61.5% of apiaries and 17.4% honeybee colonies were infected with the
pathogen. Later, the research conducted around Shoa and Arsi zones of Oromia region, about
56.5% was reported (Desalegn, 2001).The survey result conducted at around Addis-Ababa
also revealed about 43% prevalence (Desalegn Begna, 2006). The diagnostic Chalk brood
survey in all beekeeping potential regions of the country Aster Yohannes et
al.(2010),37.12%,19.9% and 17.9 % prevalence were reported for Amhara, Oromia and
Benshangul-Gumuz regional states respectively. In Nigeria, 64.28% colonies confirmed chalk
brood infection (Akinwande et al., 2013). This disease is now found throughout the world,
and there are indications that chalk brood incidence may be on the rise (Aronstein and
Murray, 2010).
65
Table 25.Total number of colonies diagnosed, number of colonies found positive, and
percentage prevalence per inspected sites
Districts
Site level prevalence Colony level prevalence
Examined Positive Prevalence
(%)
Examined Positive Prevalence
(%)
Atsbi-Womberta 12 8 66.7 65 23 35.4
Kilte-Awlaelo 10 4 40 64 9 14.1
Ahferom 16 2 12.5 65 6 9.2
Kolla-Temben 15 1 6.7 63 2 3.2
Degua-Temben 17 8 47 63 18 28.6
Saharti-Samre 17 5 29.4 64 7 10.9
Over all 87 28 32.2 384 65 16.9
The risk factors for chalk brood disease considered during the study were agro-ecology,
colony management, hive type, comb age, colony source, colony status and microenvironment
and their associations were summarized in (Table 26). Except the agro-ecology, no
significantly difference (P>0.05) was observed among the other risk factors (colony
management, hive type, comb age, colony source, colony status and microenvironment).
Considering agro-ecology, the highest prevalence rate (31.5%) was revealed in highlands
followed by midlands (11.4%) and lowland (1.6%). A significant difference (X2=33.434, P <
0.01) was found between the agro-ecologies (Table 26). The univariate logistic regression
result pointed out that honeybee in highland were more likely to be affected to chalk brood
disease by 14 times than in the lowland (OR=14.374, 95%CI=3.350-61.679, P<0.01).This
observation agrees with the work of Aronstein and Murray (2010) stating that chalk brood
disease is typically most prevalent during the spring, given that fungal growth is enhanced in
cool and humid (poorly ventilated). Desalgn Begna (2000) reported that a chalk brood disease
is more prevalent in damp and cool conditions and Ascosphaera apis grows best when the
brood is chilled. Furthermore, Aster Yohanes (2010) reported that most dega, woinadega and
wet woinadega climatic zones excellently suit for the growth of Ascophera apis. It can also be
found even at warm and dry climates (Jensen et al., 2013).
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Some beekeepers in the study areas considered chalk brood disease as an economically
important disease as it caused the death of immature larvae and nurse bees spend their time in
withdrawing them from their hive. In Ethiopia, mean yield of honey in chalk brood disease
infected colonies was lower by half than in uninfected colonies (Aster Yohannes, 2010).
Simlesa (2010) from Northern Territory of Australia found that up to 80% of a brood can be
killed by Chalk brood disease, resulting in infected hives dying out. Chalk brood is a common
and widespread disease that can result in severe reduction of emerging worker bees and thus
overall colony productivity (Jensen et al., 2013). Spores may remain infective for more than
15 years. Viable spores may remain in stored honey, pollen, pollen capsules/tablets, used hive
components, used beekeeping tools and equipment and possibly in soil around infected
apiaries (Simlesa, 2010; FERA, 2013).
Table 26. Univariate logistic regression analysis potential risk factors associated with
infection of chalk brood in honeybee colonies
** Association is significant at P<0.01, #Reference Category
Variables Category Infection
(%)
2 OR 95%CI P-Value
Agro-ecology Lowland 3.1 33.434 1
Midland 11.4 3.924 0.896-17.182 0.070
Highland 31.8 14.374 3.350-61.679 0.000**
Management Apiary 13.9 1.139 0.286
Backyard 18.3
Hive types Modern 15.5 1.595 0.207
Traditional 21.0
Colony Sources Purchases 18.2 1.025 0.599
Swarmed 10.3
Own 17.1
Comb age New 15 0.452 0.501
Old 17.9
Colony Strength Weak 15.5 3.973 0.137
Medium 23.9
Strong 14.4
Microenvironment Shade 21.8 3.442 0.064
Full sun 14.3
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Figure 13. Chalk brood mummeries (dead brood larvae outside the hive entrance)
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4.6 Agro-chemicals application and their effects on honeybee colonies
In the study areas, Teff and Maize are the major crops produced by almost all respondents
(100%) and followed by pulses (90.3%), Barley (82.5%), Vegetables (78.9%), wheat (76.1%),
Sorghum (70.1%) and Fruits (65.3%) respectively (Figure 14).
Figure 14. Crops produced in the study areas
Regarding pesticides utilization, the majority, 201(52.3%) of the study participants responded
that they use chemical pesticides at different levels (regularly or occasionally) for crop
production. Of those farmers who use chemical pesticides 197(98%) indicated that they use it
for insect pest control, 195 (46.2%) indicated that they use it for weed control and about 25
(12.4%) indicated that they use it for livestock external parasites control.
As figure 15 indicated, all the study areas use agrochemicals for different purposes.
According to the respondents, in the districts of Kilte-Awlaelo (76.6%), Ahferom (71.9%) and
Kolla-Temben (54.7%), agrochemicals are relatively widely used.
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Figure 15. Number of respondents used agro-chemicals in the study areas
The agro-chemicals mostly used by the farmers were Dimothoate (Ethiothoate 40%EC) ,
Diazinon (Ethiozinon 60% EC), Malathione (Ethiolation 50% EC), Fenithrothion (
Ethiotrothion 50% EC),Karate (Karate 5% EC), Dursban (Dursban 48% EC) and Agro- 2,4-
D amine 720g/l A.E (Figure 16).There is an increasing trend of these chemicals application in
the study areas in the years of 2010-2014. Most of the agrochemical was supplied by Office of
Agriculture and Rural Development of the respective districts. Licensed venders are also
source of agrochemicals in the study areas.
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Figure 16. Trend of widely used agrochemicals in the study areas (by years)
About 63.4% of the respondents reported that their honeybee colonies were affected by
indiscriminate application of these agrochemicals. The respondents claimed that within the
last four years, 219 honeybee colonies absconded, 219 honeybee colonies dwindled and 34
colonies died due to indiscriminate application of aforementioned chemicals (Figure 17).
The current result is in agreement with Adeday Gidey, 2012 and Kerealem Ejigu et al., (2009)
results, reported that indiscriminate application in the crop field caused substantial economic
loss in the beekeeping sector. In the study districts none of honeybee disease and pests was
treated using drugs intentionally, which is similar with reports in the country by MoARD
(2007), Amsalu Bezabh et al. (2012).
Honeybees exposed to agrochemicals in different ways. Fischer and Moriarty (2011)
indicated older worker bees’ forage outside the hive for pollen and nectar, and thus are
vulnerable to contact exposure to pesticides during foraging as well as dietary exposure
during collection or ingestion of pollen and nectar. Workers also serve as a vector for bringing
contaminants back to the hive. Young workers clean cells and attend brood, whereas middle-
aged workers do a variety of tasks mainly within the hive. All the young and middle-aged
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workers, queen and drone can have secondary exposure to pesticides through contaminated
food brought back to the hive.
According to the study result of Amssalu Bezabeh et al. (2012) all commonly used agro-
chemicals except Agro-2, 4-D Amin 720A, were significantly toxic to Ethiopian honeybees
when ingested with food. Tadesse Amera and Asferachew Abate (2008) found that Agro-2, 4-
D Amin 720A is highly toxic to non target plants that have useful function in the ecosystem.
Forage plants for bee, plants that can be grazed by livestock, plants that provide food for birds
and other animals in the ecosystem can be affected.
Figure 17. Effect of agrochemical sprays on honeybee colonies
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Chapter 5. CONCLUSION AND RECOMMENDATIONS
Beekeeping is a useful mean of strengthening livelihoods because it creates a variety of assets.
However, mainly because of Pests and Predators, poor management, lack of improved
equipments, Lack of bee forage, Absconding, improper application of agrochemical and
Honey bee disease the study areas in general and rural beekeeping households in particular
have not been sufficiently benefited from the beekeeping industry.
The study demonstrated that the occurrence and prevalence of different honey bee pests,
predators and disease in all agro ecological zones of the study area. The study indicated that
honeybee pests and predators such as Ants, Wax moth, Bee-eater birds, Honey badger,
Spiders, parasitic mites, Lizards and Dead hawks moth and Wasps were the most harmful
pests in order of decreasing importance in the study areas in all agro ecological zones of the
study area.
Similarly, disease investigation result showed that parasites and pathogens such as Varroa
mites, Bee lice, Nosema, Amoeba and Chalk brood found in the study areas. With the
exception of Nosema and Chalk brood pathogens, which were detected only during the honey
flow season, the occurrence of Varroa mites, Bee lice and Amoeba pathogens were found in
both honey flow and dearth periods of the study with more prevalent during honey flow
season. AFB, EFB and Tracheal mites were not found throughout the study period.
The honeybee pests and predators were the major problems responsible for the high
absconding, dwindling and honey yield lost within the study areas. In most cases wax moth,
ants and honey badgers were the most destructive pests and predators for the honeybees and
beekeepers.
However the results indicate that the parasites (Varroa mites and Bee lice) and disease
pathogens (Nosema, Amoeba and Chalk brood) have not significantly affects honeybee
colonies in the study areas. Most of the honeybee parasites and pathogens were found in the
strong colonies without causing production loss. This result is in agreement with the finding
of Muli et al. (2013) who indicated that honey bee populations in East Africa appear to be
largely resistant or tolerant of the parasites and pathogens that threatened honey bee
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populations in other parts of the world, and are not yet significantly impacted by other
stressors, such as exposure to environmental toxins.
Moreover, different prevalence and infestation/infection level of honeybee parasites and
pathogens was observed among the different study sites, agro ecological zones, between
apiaries, types of hives, colony sources, colony strength, comb age, ,microenvironment and
seasons.
According to the result of this study some of the suggested issues that require consideration
by beekeepers and any development organizations are high lightened below:
In the first step, maintaining strong colonies is the key solution for preventing and
control of honeybee parasites and pathogens. Even with the presence of the parasites
and pathogens (co-exist), strong colonies could make their normal function. Strong
colonies are able to repel honey bee pests and predators, but weak ones are susceptible
to attack.
More importantly, there should be awareness creation to all actors in the beekeeping
value chain to cautiously while performing bee colony purchasing, swarm catching,
and transporting from disease doubtful sources.
The prevalence of honeybee disease and pests is the reflection of beekeepers
management practice synchronized with the environmental conditions. High humidity
and poor ventilation may result conducive environment for most of honeybee health
problems.
It is not advisable to promote use of any chemicals for honeybee health problems
prevention and control at this level. The implementation of appropriate management
could reduce the occurrence in the study areas and the economic losses incurred by
farmers.
Because of time limitation, farther study on seasonal distribution and magnitude, and
economic importance of honeybee disease and pests is suggested with long term
colony monitoring.
74
REFERENCES
Adeday Gidey,  Shiferaw Mulugeta and Abebe Fromsa. 2012. Prevalence of Bee Lice Braula
coeca (Diptera: Braulidae) and Other Perceived Constraints to Honey Bee Production
in Wukro Woreda, Tigray Region, Ethiopia. Global Veterinaria, 8 (6): 631-635.
Admasu Adi and Nuru Adgaba. 1999. The effect of honeybee pollination on seed yield and oil
content of Guizotia abyssinica. In: proceeding of Ethiopian beekeepers Association,
Addis Ababa, Ethiopia, PP. 67-73.
Admasu Adi, Gizaw Ebissa, Amssalu Bezabeh and Debissa Lamessa. 2006. The effect of
honeybee (Apis mellifera L.) on seed production of Allium cepa (variety Adama red). In
: Gemechis Legesse, Kibebew Wakjira, Amssalu Bezabeh, Desalegn Begna, Admassu
Addi (eds).Apiculture research achievements in Ethiopia, Oromia Agricultural Research
Institute, Holeta Bee Research Center, 2012, Holeta, Ethiopia.
Admasu Adi, Kibebew Wakijira, Tura Bareke and Wongelu Endale.2012. Investigating the
contribution of beekeeping to the income generation of the household bordering
Menagesha suba State Forest. In : Gemechis Legesse, Kibebew Wakjira, Amssalu
Bezabeh, Desalegn Begna, Admassu Addi (eds). Apiculture research achievements in
Ethiopia, Oromia Agricultural Research Institute, Holeta Bee Research Center, 2012,
Holeta, Ethiopia.
Akinwande K.L., Badejo M.A. and Ogbogu S.S. 2013. Challenges associated with the honey
bee (apis mellifera adansonii) colonies establishment in south western Nigeria. African
Journal of Food, Agriculture, Nutrition and development, 13(2):1-18.
Akinwande K.L., Badejo M.A. and Ogbogu S.S.2012. Incidence of the Korea haplotype of
Varroa destructor in southwest Nigeria. Journal of Apicultural Research, 15: 369– 370.
Alattal Y., Peter Rosenkranz and Claus P. W. Zebitz. 2006. Infestation levels of Varroa
destructor in local honey bees of Jordan. MITT. DTSCH. GES. ALLG. ANGEW. ENT,
15:321-326.
75
Alemayehu Muluneh and Olafur Arnalds .2011. Synthesis of Research on Land Use and Land
Cover Dynamics in the Ethiopian Highlands. Geophysical Research Abstracts, Volume
13:1.
Alemtsehay Teklay .2011. Seasonal availability of common bee flora in relation to land use
and colony performance in Gergera watershed, AtsbiWembwrta district eastern zone of
Tigray, Ethiopia, M.Sc. Thesis. Wondo Genet College of Forestry and Natural
Resources, Hawassa University WondoGenet, Ethiopia. 76pp.
Al-Ghzawi A.A., Zaitoun S.T. and H.K. Shannag.2009. Incidence and Geographical
Distribution of Honeybee (Apis mellifera L.) Pests in Jordan. Ann. soc. entomol. Fr., 45
(3): 305-308.
Alireza Lotfi, Reza Jamshidi, Habib Aghdam Shahryar and Mansour Yousefkhani.2009. The
Prevalence of Nosemosis in Honey Bee Colonies in Arasbaran Region (Northwestern
Iran). American-Eurasian J. Agric. & Environ. Sci., 5 (2): 255-257.
Allsopp M. 2006. Analysis of Varroa destructor infestation of southern African honeybee
populations. MSc-thesis, University of Pretoria, Pretoria, South Africa, 285 pp.
Amsalu Bezabeh and Desalegn Begna .2005. Distribution of honeybee diseases Nosema apis
and melpighamoebae mellificae in Ethiopia. 4th Proceedings of Ethiopian Beekeepers
Association, Addis Ababa, Ethiopia, PP.19-26.
Amssalu Bezabeh and Desalegn began.2007. Study the effects of Wax moth on honeybees and
bee products. Holeta Bee Research Centre, Annual report 2007.
Amssalu Bezabeh and Desalegn Begna.2012a. Study the effects of Wax moth on honeybees
and bee products In: Gemechis Legesse, Kibebew Wakjira, Amssalu Bezabeh, Desalegn
Begna, Admassu Addi (eds). Apiculture research achievements in Ethiopia, Oromia
Agricultural Research Institute, Holeta Bee Research Center, 2012, Holeta, Ethiopia,
PP.11.
Amssalu Bezabeh and Desalegn Begna.2012b.Investigating the annual cycle of honeybee
amoeba (Malpighamoeba) disease.In: Gemechis Legesse, Kibebew Wakjira, Amssalu
76
Bezabeh, Desalegn Begna, Admassu Addi(eds). Apiculture research achievements in
Ethiopia, Oromia Agricultural Research Institute, Holeta Bee Research Center, 2012,
Holeta Ethiopia, PP.6.
Amssalu Bezabeh, Alemayehu Gela, Taye Negera and Desalegn Begna. 2012. Toxicity
effects of commonly used Agro chemicals to Ethiopian Honeybees In: Proceeding of the
3rd ApiExpo Africa held at the Millennium Hall, Addis Ababa, Ethiopia, and September
26-29, 2012, PP. 35-44.
Amssalu Bezabeh, Desalegn Began and Alemayehu Gela .2010. Diagnostic survey honeybee
diseases and pests in Ethiopia. Holeta Bee Research Centre, Annual report.2010.
Amssalu Bezabeh, Nuru Adigab, Radolff S.E. and Hepburn H.R.2004. Multivariate
morphometric analysis of honeybees in the Ethiopian region. Apidologie, 35:71–81.
Amssalu Bezabeh.2012.Prevalence and Effects of Nosemosis on Central highland honeybees
(Apis mellifera  bandasii).
Aronstein K.A. and Murray K.D. 2010. Chalk brood disease in honey bees. Journal of
Invertebrate Pathology, 103: 20–29.
Assefa Abebe. 2009. Market chain analysis of honey production in Atsbi Wemberta district,
eastern zone of Tigray Ethiopia. MSc.thesis, Haramaya University, College of
Agriculture Department of Agricultural Economics, Haramaya, Ethiopia, 85 PP.
Assemu Tesfa, Kerealem Ejigu and Adebabay Kebede.2013. Assessment of current
beekeeping management practice and honey bee floras of Western Amhara, Ethiopia.
Inter J Agri Biosci, 2(5): 196-201.
Aster Yohanis, Amssalu Bezabeh, Betre Yakob, Desalegn Begna, Yosef Shiferaw, Yosef
Kebede and Nohe Kebede .2010. Ecological distribution of honeybee Chalk brood
disease (Ascosphaera apis) in Ethiopia. Ethiopian J. Ani. Prod., 9(1):177-191.
Awraris Getachew Shenkute,Yemisrach Getachew, Dejen Assefa, Nuru Adgaba, Gebeyehu
Ganga and Workneh Abebe.2012. Honey production systems (Apis mellifera L.) in
77
Kaffa, Sheka and Bench-Maji zones of Ethiopia. Journal of Agricultural Extension and
Rural Development , 4(19): 528-541.
Ayalew Kasaye. 2006. The loss of some natural plant species in Tigray and the concern to the
living conditions of honeybees. Loss of natural plants: Proceedings of the 5th Annual
National Conference of Ethiopian Beekeepers Association, Addis Ababa, Ethiopia, pp.
8-15.
Aydin L., Gulegen, E., Cakmaki, I., Girisgin, O.G., and Harrington, W. 2006. Relation
between Nosema and Chalkbrood disease and its implication for an apiary management
model. Bull Vet Inst Pulawy, 50: 471–475.
Ayenew Admasu, Meresa Kiros, Abdulkadir Memhur.2011. Baseline survey of Seharti samri
woreda of Tigray region, Ethiopia.
Bailey L., Ball B.V.1991. Honey bee pathology. Harcourt Brace Jovanovich; Sidcup, Kent,
UK; 193 pp.
Belets Gebremichael and Berhanu Gebremedhin.2014.Adoption of improved box hive
technology: Analysis of smallholder farmers in Northern Ethiopia. International Journal
of Agricultural Economics and Extension, 2 (2): 077-082.
Bermejo F.J and P.G Fernandez.1997.Nosema disease in the honeybees (Apis mellifera)
infested with Varroa mites in southern Spain.Apidologue, 28:105-112.
Berry J.A. and Delaplane K.S. 2001. Effects of comb age on honey bee colony growth and
brood survivorship. Journal of Apicultural Research , 40(1): 03–08
Beyene Tadesse and David Phillips .2007. Ensuring Small Scale Producers in Ethiopia to
Achieve Sustainable and Fair Access to Honey Markets. Paper Prepared for
International Development Enterprises (IDE) and Ethiopian Society for Appropriate
Technology (ESAT), Addis Ababa, Ethiopia.54 PP.
Boecking O. and Genersch E. 2008. Varroosis – the ongoing crisis in bee keeping. J. Consum.
Protect. Food Safety 3:221-228.
78
Bradbear N.J.2009. Bees and their roles in forest livelihoods: A guide to the services provided
by bees and the sustainable harvesting, processing and marketing of their products. FAO
Non-Wood Forest Products 19, FAO, Rome.
Bruce W., Needham G.R. and Potts W.J.E.1997.The effects of temperature and water vapor
activity on water loss by Varroa jacobsoni (Acari : Varroidae). American Bee Journal,
137(6):  461-463.
Cantwell G.E.1970. Standard methods for counting nosema spores. American Bee Journal,
110(6): 222-223.
Cartland B. 1970. The magic of honey. Corgi Books, London, UK, 160 pp.
Chala Kinati, Taye Tolemariam and Kebede Debele.2013. Assessment of Honey Production
and Marketing System in Gomma District, South Western Ethiopia. Greener Journal of
Business and Management Studies, 3(3): 099-107.
Chala Kinati, Taye Tolemariam, Kebede Debele and Tadele Tolosa. 2012. Opportunities and
challenges of honey production in Gomma district of Jimma zone, South-west Ethiopia.
Journal of Agricultural Extension and Rural Development, 4(4): 85-91.
Charlie Nicholson .2012. An Analysis of Local Honey: Foraging Effects and Colony Fitness
of Philadelphia Honeybees (Apis Mellifera L.). Available at: www.business-
services.upenn.edu/arboretum/pdf/Flora, retrieved on Nov.2, 2014.
Cochran W.G. 1963. Sampling Techniques, 2nd Ed., New York: John Wiley and Sons, Inc.
Coffey F.M .2007. Parasites of the honeybee. The Department of Agriculture, Fisheries and
Food, Crops Research Centre, Oak Park, Carlow, Ireland.
Conte L.Y. and Navajos M. 2008. Climate change: impact on honey bee populations and
diseases. Rev. sci. tech. Off. int. Epiz. , 27 (2): 499-510.
Costa-Maia F.M, Vagner de Alencar Arnaut de Toledo, Elias Nunes Martins, Daniela
Andressa Lino-Lourenço, Maria Josiane Sereia, Carlos Antonio Lopes de Oliveira,
79
Patrícia Faquinello and Andre Luiz Halak.2011. Estimates of covariance components for
hygienic behavior in Africanized honeybees (Apis mellifera). R. Bras. Zootec., 40(9):
1909-1916.
Crane A.2000. Prevention and treatment of disease and pests of honeybees; the world picture.
Newzland beekeeper, 7(10):5-8.
Crane E.1990. Bees and beekeeping. Heinemann, Oxford, Uk.
Cremer S., Armitage S.A.O. and Schmid-Hempel P. 2007. Social immunity. Current Biology,
17 : 693-702.
CSA (Central Statistical Agency of Ethiopia). 2013. Agricultural Sample Survey 2012/13
report on livestock and livestock characteristics (private peasAnt holdings). Volume П,
statistical bulletin 570, Addis Ababa, Ethiopia.
Dabessa Jatema and Belay Abebe.2015. Survey on Major Honey Bee Pests and Predators in
Oromia. Special Zone Surrounding Finfine in Walmara District. European Journal of
Biological Sciences, 7 (2): 62-70.
Darabus G.H., Ilie M.S. and Mirelaimre, A.B.2011. Evolution Of Varroa Destructor
Infestation In Apis Mellifera Bee Colonies Untreated With Acaricides. Lucrari
Ştiinţifice Medicina Veterinara, 15(1).
Debissa Lemessa .2007. The Roles of Apiculture in Vegetation Characterization and
Household Livelihoods in Walmara District, Central Ethiopia. M.sc. Thesis. Wondo
Genet College of Forestry, Hawasa University, Hawassa, Ethiopia. PP.25.
Delaplane K.S. and Hood W.M.1997. Effects of delayed acaricide treatment in honey bee
colonies parasitized by Varroa jacobsoni and a late season treatment threshold for the
southeastern USA. Journal of Apicultural Research, 36: 125– 132.
Delaplane K.S., Vandersteen J. and Guzman E .2013.Standard methods for estimating
strength parameters of Apis mellifera colonies. In: Dietemann V., Ellis J.D., and
80
Neumann P. (Eds). The COLOSS BEEBOOK, Volume I: standard methods for Apis
mellifera research. Journal of Apicultural Research 52(1):1-12.
Desalegn Begna .2000. Chalk Brood in Ethiopia” Bees for Dev. J. 78.
Desalegn Begna .2001. Honeybee pest & predators of Ethiopia. 3rd Proceedings of National
Conference of Ethiopian Beekeeping Association, Addis Ababa, Ethiopia, PP. 59-67.
Desalegn Begna .2006. The occurrence of Chalk brood (Ascosphaera apis): A new honeybee
(A.mellifera L.) disease in West Shoa, Ethiopia. Ethiopian J. of Ani. Prod., 6(1):1-8.
Desalegn Begna .2007. Assessment on the effect of ant (Dorylus fulvus) on honeybee colony
(A.mellifera) and their products in West and South West Shewa Zone: Ethiopia
Ethiopian journal of animal production, 7(1):12-26.
Desalegn Begna .2012.Honey bee disease and Pests research progress in Ethiopia: A review.
In: Beekeeping for food security and Combating Climate change ApiExpo Africa, 2012:
Proceedings of the 3rd ApiExpo Africa held at the Millennium Hall, Addis Ababa,
Ethiopia September 26-29, 2012.
Desalegn Begna .2014. Occurrences and distributions of varroa mite (Varroa destructor) in
Tigray regional state, Ethiopia. J Fisheries Livest Prod, 2(3):1-4.
Desalegn Begna and Amsalu Bezabeh .2001. Survey of honeybee pest and Pathogen in south
and southwest parts of Ethiopia. 16th Proceedings of Ethiopian Veterinary Association,
Addis Ababa, Ethiopia. Pp 86-93.
Desalegn Begna and Amsalu Bezabeh .2006. Occurrence of small hive beetle (Aethina tumida
Murray; Coleoptera: Nitidulidae) in honeybee (A.mellifera L.) in Ethiopia. Ethiopian
vetrinary jornal, 10(2): 101-110.
Desalegn Begna and Amsalu Bezabeh. 2001. Survey of honeybee pest and Pathogen in south
and South-West parts of Ethiopia. 16th Proceedings of Ethiopian Veterinary
Association, Addis Ababa, Ethiopia, PP. 86-93.
81
Desalegn Begna and Yosef Kebede.2005. “Survey of honeybee pests & pathogens in Addis
Ababa region”. Published in 5th Proceedings National Conference of Ethiopian
Beekeeping Association. Addis Ababa, Ethiopia, 2005.
Desalegn Begna. 2006. The occurrence of Chalk brood (Ascosphaera apis): A new honeybee
(A.mellifera L.) disease in West Shoa, Ethiopia. Ethiopian journal of animal production,
6(1):1-8.
Desalegn Begna.2015. Honeybee diseases and Pests research progress in Ethiopia: African
Journal of Insect, 3 (1): 093-096.
Dietemann, V; Nazzi, F; Martin, S J; Anderson, D; Locke, B; Delaplane, K S; WauquieZ, Q;
Tannahill, C; Frey, E; Ziegelmann, B; Rosenkranz, P; Ellis, J D .2013. Standard
methods for Varroa research. In V Dietemann; J D Ellis; P Neumann (Eds) The
COLOSS BEEBOOK, Volume II: standard methods for Apis mellifera pest and
pathogen research. Journal of Apicultural Research, 52(1):1-54.
Donson JR .1999. Bee lice’ Braula Schmitz Orosi-PAL (Dipteria Braulidae) new to the
British Isles, and the status of Braula species in England and Wales. British Journal of
Entomology and Natural History, 11: 139-148.
Doull K.M. and Cellier K.M.1961. A survey of the incidence of nosema disease ( Nosema
apis Zander) of the honey bee in South Australia. Journal of Insect Pathology, 3: 280-
288.
EARO (Ethiopian Agricultural Research Organization). 2000. Apiculture research strategy.
Animal Science Research Directorate, Addis Ababa, Ethiopia, 45p.
Edwards S.1976. Some wild flowering plants of Ethiopia. Addis Ababa university press,
Addis Ababa, Ethiopia.
Ellis J. D. 2004. The ecology and control of small hive beetles (Aethina tumida Murray). PhD
dissertation, Rhodes University, Grahamstown, South Africa, 385 pp.
82
Ellis J.D., Graham J.R., Mortensen A .2013. Standard methods for Wax moth research. In: V
Dietemann; J D Ellis; P Neumann (Eds).The COLOSS BEEBOOK.Volume II: standard
methods for Apis mellifera pest and pathogen research. Journal of Apicultural Research,
52(1).1-17.
Ellis J.D., Munn, P.A.2005. The worldwide health status of honey bees. Bee World, 86: 88
101.
Ellis MD, Macedo PA.2001.Using the Sugar Roll Technique to Detect Varroa Mites in Honey
Bee Colonies. Lincoln, NE: University of Nebraska. 4 PP.
Fakhimzadeh K. 2001. Detection of major mite pests of Apis mellifera and development of
non chemical control of Varroasis. PhD dissertation, University of Helsinki, Department
of Applied Biology, Publication no: 3, Helsinki, 46 pp.
FAO .2012. Environment and Natural Resource Management: Adaptation to Climate Change
in Semi- Arid Environments Experience and Lessons from Mozambique. FAO, Rome,
Italy. 71P.
FAO.2006. Honey bee diseases and pests: a practical guide. Food and Agriculture
Organization of the United Nations, (FAO agricultural and food engineering technical
report 4), Rome, Italy, 33 pp.
Fazier M. Eliud Muli, Tracy Conklin, Daniel Schmehl, Baldwyn Torto, James Frazier, James
Tumlinson, Jay D. Evans, Suresh Raina.2010.Scientific note A scientific note on Varroa
destructor found in East Africa; threat or opportunity?. Apidologie, 41: 463–465.
Feigenbaum C. and Naug D. 2010. The influence of social hunger on food distribution and its
implications for disease transmission in a honeybee colony. Insectes Sociaux, 57(2):
217-222.
FERA (Food and Environment Research Agency).2013. Common pests, diseases and
disorders of the adult honey bee. Sand Hutton, York, UK. Available at:
hhh://www.defra.gov.uk/fera, retrieved on 15 February 2015.
83
Fichtl R. and Admasu Adi .1994. Book of Honey bee flora of Ethiopia. Margraf Verlag,
Germany pp 510.
Fischer D., Moriarty T. 2011. Pesticide risk assessment for pollinators: Summary of a SETAC
Pellston Workshop. Pensacola FL (USA): Society of Environmental Toxicology and
Chemistry (SETAC) and Global Pesticide and Agrochemical Market to 2018.
Forsgren E. 2009. Molecular Diagnosis and Characterization of Honey Bee Pathogens. PhD
dissertation, Swedish University of Agricultural Sciences Uppsala
Franck P., Garnery L., Loiseau A., Oldroyd B.P., Hepburn H.R., Solignac M., Cornuet J.M.
.2001. Genetic diversity of the honeybee in Africa: microsatellite and mitochondrial
data. Heredity,  86: 420– 430.
Fries I. Camazine S. 2001. Implications of horizontal and vertical pathogen transmission for
honey bee epidemiology. Apidologie, 32: 199–214.
Fries I., Chauzat M.P., Chen Y.P., Doublet V., Genersch E., Gisder S., Higes M., Mcmahon
D.P. Martín-Hernández R., Natsopoulou M., Paxton R.J., Tanner G., Webster T.C.,
Williams G.R., .2013. Standard methods for nosema research. In: V Dietemann; J D
Ellis, P Neumann (Eds). The COLOSS BEEBOOK: Volume II: Standard methods for
Apis mellifera pest and pathogen research. Journal of Apicultural Research 51(5): 1-8.
Fries I.1988. Infectivity and multiplication of Nosema apis Z. in the Ventriculus of the honey
bee. Apidologie, 19:319–328.
Fries I.1993. Nosema apis - a parasite in the honey bee colony. Bee World, 74(1): 5–19.
Fries, I., Camazine, S. & Sneyd, J. 1994). Population dynamics of Varroa jacobsoni: a model
and a review. Bee World, 75(1), 5–28.
Garrido-Bailón E., Higes M., Martínez-Salvador A., Antúnez K., Botías C., Meana A., Prieto
L. and Martín-Hernández R. 2013. The prevalence of the honeybee brood pathogens
Ascosphaera apis, Paenibacillus larvae and Melissococcus plutonius in Spanish apiaries
determined with a new multiplex PCR assay. Microbial Biotechnology, 6: 731–739.
84
Gebremedhin Woldewahid, Berhanu Gebremedhin, Dirk Hokestra, Azage Tegegne .2012.
Watershed Conservation-based Market Oriented Commodity Development: A Move
Towards Resilient Farming. IPMS, Ethiopia.
Gemechu Gizachew, Sefinew Alemu, Amssalu Bezabeh and Malede Berhan.2013. Prevalence
and Associated Risk Factors of Bee Lice in Holeta and its Suroundings, Ethiopia. J
Veterinar Sci Technol, 4: 1-4.
Genersch E .2008. Paenibacillus larvae and American foulbrood— long since known and still
surprising. J Verbr Lebensm, 3:429–434.
Genersch E.2010. Honey bee pathology: current threats to honey bees and beekeeping. Appl.
Microbiol. Biotechnol, 87: 87-97.
Gezahegne Tadesse .2012. Apiculture in Ethiopian. Agriculture 3rd ApiExpo Africa 2012
26th - 29th September 2012, Addis Ababa, Ethiopia.
Gezahegne Tadesse and Amssalu Bezabe.1991.Identifing and diagnosing honeybee disease at
Holeta reaserch Center. Pro:4th National Livestock Improvement Conference, Pp 263-
265
Gidey Yirga and Kibrom Ftwi. 2010. Beekeeping for Rural Development: Its Potentiality and
Constraints in Eastern Tigray, Northern Ethiopia. Agri J, 5: 201-204.
Gidey Yirga and Mekonnen Teferi. 2010. Participatory Technology and Constraints
Assessment to Improve the Livelihood of Beekeepers in Tigray Region, northern
Ethiopia. CNCS Mekelle University, 2 (1): 76-92.
Gidey Yirga, Bethelhem Koru, Dawit Kidane and Alem Mebrahatu. 2012. Assessment of
Beekeeping Practices in Asgede Tsimbla District, Northern Ethiopia: Absconding, Bee
Forage, and Bee Pests. African Journal of Agricultural Research, 7(1): 1–5.
Gilliam M., Taber S., Richardson G.V. 1983. Hygienic behavior of honeybees’ in relation to
chalk brood disease, Apidologie, 14P: 29–39.
85
Gilliam, M .1985. Microbes from apiarian sources: Bacillus spp. in frass of the greater Wax
moth. Journal of Invertebrate Pathology, 45: 218–224.
Girma Defar.1998. Non-Wood Forest Production in Ethiopia. Addis Ababa, Ethiopia. http://
www.fao.org/DOCREP/003/X6690E/X6690E00.htm.
Gramacho K.P and M.Spivak .2003. Differences in olfactory sensitivity and behavioral
responses among honey bees bred for hygienic behavior. Behavioral Ecology and
Sociobiology,54(5):472-479.
Haftu Kebede and Gezu Tadese.2014.Survey on Honey production system, Challenges and
Opportunities in Selected areas of Hadya zone, Ethiopia. Journal of Agricultural
Biotechnology and Sustainable development, 6 (6): 60-66.
Haftu Kelelew Daniel Desta, Gebru Birhane, Tsegay Gebreslise, Guash Abay, Guesh
Godifey, Mulualem Zenebe and Gebrekiros Gebremedhin.2015. Analysis of Honey Bee
Production Opportunities and Challenges in Central Zone of Tigray, Northern Ethiopia.
Journal of Scientific and Research Publications, 5: 1-6.
Hassan R.A.2000. Studies on some factors affecting Varroa mite reproduction, Abstracts from
the 2nd Int. Conf. on Africanized Honey Bees and Bee Mites, April 10–12, 2000,
Tucson, AZ., Am. Bee  J.,140 (745).
Haylegebriel Tesfay. 2014. Honey Bee Diseases, Pest and Their Economic Importance in
Ethiopia. International Journal of Innovation and Scientific Research, 10(2): 527-535.
Heath L.A.F. 1985. Occurrence and distribution of chalk brood disease of honeybees. Bee
World, 66(1): 9-15.
Hedtke K., Jensen P.M., Jensen A.B., and Genersch E. 2011. Evidence for emerging parasites
and pathogens influencing outbreaks of stress-related diseases like chalkbrood. J
Invertebr Pathol, 108: 167–173.
Hendrikx P., Debin M., and Chauzat M.P. 2010. Bee mortality and bee surveillance in
Europe. EFSA Report, 1-278.
86
Hepburn H.R., Radloff S.E.1998. Honeybees of Africa. Springer, Berlin.
Higes M., Martin-Hernandez R., Garrido-Bailon.E, Garcia-Palencia P, and Meana A .2008.
Detection of infective Nosema ceranae (Microsporidia) spores in corbicular pollen of
forager honeybees. J Invertebr Pathol ,97:76–78.
Hood W.M .2004.The small hive beetle, Aethina tumida: a review, Bee World, 85(3): 51–59.
Hornitzky M. 2005. A report for the Rural Industries Research and Development
Corporations. Publication No. 03/028. Rural Industries Research and Development
Corporation, Barton, Australia, 1–16.
Human H., Nicolson S.W., Dietemann V. 2006. Do honeybees, Apis mellifera scutellata,
regulate humidity in their nest? Naturwissenschaften, 93: 397–401.
Jacobs F., Simoens, C., Graaf D. and Deckers J. 2006. Scope for non-wood forest products
income generation from rehabilitation areas: focus on beekeeping. Journal of the
Drylands, 1(2): 171-185.
Janine Kievits, Martin Dermine, Jose-Anne Lortsch, Coralie Mouret, Noa Simon-Delso .2012.
Assessment of pesticides risk for bees: methods for PNEC measurements. 11th
International Symposium of the ICP-BR Bee Protection Group, Wageningen (The
Netherlands), November 2-4, 2011.
Jensen A.B., Kathrine Aronstein, José Manuel Flores, Svjetlana Vojvodic, María Alejandra
Palacio and Marla Spivak.2013. Standard methods for fungal brood disease research.
NIH-PA Author Manuscript, 52(1):1-39.
Jensen, A B; Aronstein, K; Flores, J M; Vojvodic, S; Palacio, M A; Spivak, M .2012.
Standard methods for fungal brood disease research. In V Dietemann; J D Ellis, P
Neumann (Eds). The COLOSS BEEBOOK: Volume II: Standard methods for Apis
mellifera pest and pathogen research. Journal of Apicultural Research, 52(1):1-20 pp.
Johnson R.M., Ellis M.D., Mullin C.A., Frazier M. 2010. Pesticides and honey bee toxicity –
U.S.A., Apidologie, 41, 312–331.
87
Kajobe R., Agea J.G., Kugonza D.R., Alioni V., Otim A.S., Rureba T. and Marris G .2009.
National beekeeping calendar, honeybee pest, and disease control methods for improved
production of honey & other hive products in Uganda. A research report submitted to
Natural Agricultural Research Organization (NARO), Entebbe Uganda.
Kavinseksan B., Wongsiri S., Rinderer T. E. and De Guzman L. I. 2004. Comparison of the
Hygienic Behavior of ARS Russian and Commercial honey bees in Thailand. American
Bee Journal, 144:  870 -872.
Keralem Ejjgu .2005. Honey bee production system, opportunities and challenges in Enebse
Sar Midir District (Amhara Region) and Amaro Special District (Southern Nations,
Nationalities and peoples Region), Ethiopia. M.Sc. thesis, Alemaya University, 133p.
Kerealem Ejigu, Tilahun Gebey and Preston T.R. 2009. Constraints and prospects for
apiculture research and development in Amhara region, Ethiopia. Livestock Res Rural
Dev, 21(10): 1-14.
Kibebew Wakjira. 2012. Crop pollination and value of honeybees as pollinators. In:
Proceeding of the 3rd ApiExpo Africa held at the Millennium Hall, Addis Ababa,
Ethiopia, and September 26-29, 2012, PP. 161-166.
Koenig J.P; Boush G. M., Erickson E. H.1986. Effect of type of brood comb on chalk brood
disease in honeybee colonies. Journal of Apicultural Research 25: 58–62.
Kulincevic J.M., Rinderer T.E. and Mladjan V.J. 1991. Effects of fluvalinate and amitraz on
bee lice (Braula coeca Nitzsch) in honey bee (Apis mellifera L.) colonies in Yugoslavia.
Apidologie, 22 (1): 43-47.
Lawal O.A. and Banjo A.D. 2008.Seasonal Variations of Pests and Parasites Associated with
Honeybees (Apis mellifera adansonii) in Southwestern Nigeria. Academic Journal of
Entomology, 1 (1): 01-06.
LIVES Project. 2012. Tigray Region LIVES planning activities and outputs report, Mekelle,
Ethiopia.
88
MAAREC .2002. Wax moth. MAAREC Publication 4.5. Available at:
http://MAAREC.cas.psu.edu, retrieved on May, 28, 2015.
Matheson A .1993. World bee health report. Bee World, 74: 176-212.
MCI (Millennium Cities Initiative). 2009. Investment Opportunities in Mekelle, Tigray State,
Ethiopia. The Earth Institute at Columbia University, MCI And VCC Working Paper
Series On Investment In The Millennium Cities No 10/2009.
MedrzyckI, P; Giffard, H; Aupinel, P; Belzunces, L P; Chauzat, M-P; Claßen, C; Colin, M E;
DuponT, T; Girolami, V; Johnson, R; Leconte, Y; Lückmann, J; Marzaro, M; Pistorius,
J; PorrinI, C; Schur, A; Sgolastra, F; Simon delso, N; Van der steen, J J M; Wallner, K;
Alaux, C; Biron, D G; Blot, N; Bogo, G; Brunet, J-L; Delbac, F; Diogon, M; EL Alaoui,
H; Provost, B; Tosi, S; Vidau, C.2013. Standard methods for toxicology research in
Apis mellifera. In V Dietemann; J D Ellis; P Neumann (Eds) The COLOSS BEEBOOK,
Volume I: standard methods for Apis mellifera research. Journal of Apicultural
Research 52(4).
Mekonen Teferi, Gidey Yirga, Tewelde Hailemichael and Solomon Amare.2011. Prospects of
beekeeping in the Northern Ethiopian highlands. Scientific Research and Essays, 6(29):
6039-6043.
Melaku Gebreyesus. 2012. Community Watershed Management, Food security & growth in
rural Tigray, Ethiopia: the case of the honey value chain. In: Disaster Risk Mnagement
Agriculture Task force (DRM-ATF) 1st annual conference 3-4 April, 2012, Hilton
Hotel, Addis Ababa, Ethiopia.
Miguel I., Baylac M., IriondoM. Manzano C., Garnery L. and Estonba A. 2011. Both
geometric morphometric and microsatellite data consistently support the differentiation
of the Apis mellifera M evolutionary branch. – Apidologie, 42: 150 161.
MoARD (Ministry of Agriculture & Rural Development). 2007. Livestock Development
Master Plan Study. Phase I Report – Data Collection and Analysis, Volume N
Apiculture. Addis Ababa, Ethiopia.
89
MoARD.2009. Tigray Regional Overview and Livelihood Zone Summaries. Government of
Ethiopia: Disaster management & food security sector.
Moeller F.E.1978. Nosema Disease—Its Control in Honey Bee Colonies. U.S. Department of
Agriculture Technical Bulletin No 1569.
MOFED (Ministry of finance and economic development) and MOARD ministry of
agriculture and Rural Development .2011. A review to improve estimation of livestock
contribution to the national GDP. IGAD Livestock Policy Initiative working paper,
Addis Ababa, Ethiopia.
Moretto G. and Leonidas J. De M. 2003. Infestation and Distribution of the Mite Varroa
Destructor in Colonies of Africanized Bees. Braz. J. Biol., 63(1): 83-86.
Mujuni A., K. Natukunda and D.R. Kugonza.2012.Factors affecting the adoption of
beekeeping and associated technologies in Bushenyi District, Western Uganda.
Livestock research for development, 24(8):1-13.
Muli M., Harland Patch, Maryann Frazier, James Frazier, Baldwyn Torto, Tracey
Baumgarten, Joseph Kilonzo, James Ng’ang’a Kimani, Fiona Mumoki, Daniel Masiga,
James Tumlinson, Christina Grozinger .2014. Evaluation of the Distribution and
Impacts of Parasites, Pathogens, and Pesticides on Honey Bee (Apis mellifera)
Populations in East Africa. PLoS ONE,  9(4): 1-11.
Mumbi C.T, Angela Richard Mwakatobe, Issa Hamisi Mpinga, Allen Richard, Raphael
Machumu. 2014. Parasitic mite, Varroa species (Parasitiformes: Varroidae) infesting
the colonies of African honeybees, Apis mellifera scutellata (Hymenoptera: Apididae) in
Tanzania. Journal of Entomology and Zoology Studies, 2 (3): 188-196.
Musa L.M.A, Peters K.J and Ahmed M.K. A .2006. On farm characterization of Butana and
Kenana cattle breed production systems in Sudan. Livestock research for rural
development, 18 (12): 56-61.
90
Nageh S.M. Omran, Moustafa H. Hussein, Mohamed M. Khodairy and Awad M. Awad.
2011. Occurrence of Varroa Mites inside Honeybee Colonies and Control It's Using
Volatile Oils. Research Journal of Agriculture and Biological Sciences, 7(1): 89-97.
Nebiyu Yemane., Messele Taye.2013. Honeybee production in the three Agro-ecological
districts of GamoGofa zone of southern Ethiopia with emphasis on constraints and
opportunities. Agric. Biol. J. N. Am., 4(5): 560-567.
Neumann P., Evans J.D., Pettis J.S., Pirk C.W.W., Schäfer M.O., Tanner G.,  Ellis J. D .2013.
Standard Methods For Small Hive Beetle Research. In V Dietemann; J D Ellis, P
Neumann (Eds) THE COLOSS BEEBOOK: Volume II: Standard Methods For Apis
Mellifera Pest And Pathogen Research. Journal of Apicultural Research, 52(4): 1-32.
Niguse Gebru.2015. Assessment of Hive Placement, Colony Unification and Colony Transfer
of Modern Beehive Production System on Eastern Zone of Tigray Regional State, North
Ethiopia. Journal of Biology, Agriculture and Healthcare, 5(1): 50-53.
Nuru Adgaba, Amssalu Bezabih, Hepburn H.R. and Radloff S.E. 2002. Swarming and
migration in the honeybees (Apis mellifera) of Ethiopia. Journal of Apicultural
Research, 40(2): 35 41.
Nuru Adgaba.2007. Atlas of pollen grains of major honey bee flora of Ethiopia. Holeta,
Ethiopia, PP.121.
Nuru Adgaba.2008. Selling honeybee colonies as a source of income for subsistence
beekeepers. Bees for Development, 64.
Nyssen J.1998. Soil and water conservation under changing socio-economic conditions in the
Tembien Highlands (Tigray, Ethiopa). Bulletin de la Societe geographique de Liege, 35:
PP. 5 17.
OIE. 2008a. Nosemosis of honeybees. In: Manual for diagnostic tests and vaccines for
terrestrial animals. Paris, pp. 390-392.
91
OIE. 2008b. American Foulbrood of Honey Bees. In: Manual for Diagnostic Tests and
Vaccines for Terrestrial Animals. Paris, pp. 396-404.
OIE. 2008c. European Foulbrood of Honey Bees. In: Manual for Diagnostic Tests and
Vaccines for Terrestrial Animals. Paris, pp. 405-409.
Oyerinde A.A and A.T Ande. 2009. Distribution and Impact of Honeybee Pests on Colony
Development in Kwara State, Nigeria. Journal of Agriculture and Social Sciences, 5 (3):
85– 88.
Palacio M.A., Edgardo Rodriguez, Lionel Goncalves, Enrique Bedascarrasbure, Marla
Spivak. 2010. Hygienic behaviors of honey bees in response to brood experimentally
pin-killed or infected with Ascosphaera apis. Apidologie, (41): 602–612.
Piccirillo G.A. and De Jong D. 2003. The influence of brood comb cell size on the
reproductive behavior of the ectoparasitic mite Varroa destructor in Africanized
honey bee colonies, Genet. Mol. Res., 2: 36–42.
Piccirillo G.A. and De Jong D.2004. Old honey bee brood combs are more infested by the
mite Varroa destructor than are new brood combs. Apidologie, 35:359–364.
Potts S. G., Roberts S.P., Dean R., Marris G., Brown M.A., Jones R., Neumann P. and Settele
J. 2010. Declines of managed honey bees and beekeepers in Europe. Journal of
Apicultural Research and Bee World, 49:15-22.
Qertel E.1967. Colony disturbance and nosema disease. Journal of Apicultural Research, 6:
119-120.
Rachna G. and H.D. Kaushik. 2004. Enemies of honeybees and their management – A review.
Agric. Rev., 25 (3): 189 – 200.
Razmarajii N and Karimi H.2010.A survey of Nosema of honeybees (Apis mellifera) in East
Azarbaijan province of Iran. Journal of Animal and Veterinary advances, 9(5):879-882.
92
Ritter W., Leclercq E. and Koch W. 1984. Observations on bee and Varroa mite populations
in infested honey bee colonies. Apidologie, 15:389-399.
Rose R., Pettis J., Rennich K., and Vanengelsdorp.2014. A US National Survey of honeybee
Pests and Diseases. United States Department of Agriculture, United States: PP. 71-74.
Rosenkranz P., Aumeier P. and Ziegelmann B. 2010. Biology and control of Varroa
destructor. J.  Invertebr. Pathol, 103: 96-119.
Rothenbuhler W.C. 1964. Behavior genetics of nest cleaning in honeybees. I. Responses of
four inbred lines to disease killed brood, Anim. Behav., 12: 578–583.
Ruttner F. 1988. Biogeography and Taxonomy of Honeybees. Springer-Verlag,- Berlin,
Germany.
Sammataro D., De guzman L., George S., Ochoa R., Otis G.2013. Standard methods for
tracheal mites research. In: V Dietemann, J.D Ellis, P Neumann (Eds). The COLOSS
BEEBOOK: Volume II: Standard methods for Apis mellifera pest and pathogen
research. Journal of Apicultural Research 52(4).1-3.
Sanford M.T. 1998. Aethina tumida: a new beehive pest in the western hemisphere. Apis,
16(7).University of Florida.
Sanford M.T. 2003. Small hive beetle. University of Florida IFAS Extension publication ENY
133.Available at: http://edis.ifas .ufl.edu/pdffiles/AA/AA25700.pdf. , retrieved on July
12, 2015.
Shimanuki, Hachiro, and David A. Knox. 2000. Diagnosis of Honey Bee Diseases. U.S.
Department of Agriculture, Agriculture Handbook No. AH– 690, 61 pp.
Simlesa V. 2010. Chalk brood Disease of Honeybees. Agnote.No:K11, Available at:
www.nt.gov.au/d, retrieved on April 23, 2015.
SNV Ethiopia .2012. Ethiopian Honey: Accessing International Markets with Inclusive
Business and Sector Development. Addis Abeba, Ethiopia.
93
Sokh R., M. Molska and M.Siuda .2007.The influence of the invasion of Nosema Apis on the
number of pollen seeds in bee’s intestine. Polish J.Nat.Sci., 22:150-156.
Spivak M. 1996. Honeybee hygienic behavior and defense against Varroa jacobsoni,
Apidologie,  27, 245–260.
Spleen A.M., Lengerich J.E., Rennich K., Caron D., Robyn Rose, Pettis S.J., Henson M,
Wilkes JT, Wilson M, Stitzinger J, Lee K, Andree M, Snyder R and vanengelsdorp D.
2013. A national survey of managed honey bee 2011-12 winter colony losses in the
United States: results from the Bee Informed Partnership. Journal of Apicultural
Research, 52(2): 44-53.
Strauss U., Human H., Gauthier L., Crewe R.M., Dietemann V. and Pirk C.W. 2013. Seasonal
prevalence of pathogens and parasites in the savannah honeybee (Apis mellifera
scutellata). J. invertebr Pathol, 114(1):45-52.
Swart D.J. 2003. The occurrence of Nosema apis (Zander), Acarapis woodi (Rennie), and the
Cape problem bee in the summer rainfall region of South Africa. MSc thesis, Rhodes
University, Grahamstown, South Africa.
Tadesse Amera and Asferachew Abate. 2008. An Assessment of the Pesticide Use, Practice
and Hazards in the Ethiopian Rift Valley. Africa Stockpiles Programme, ANNEX 6.
Tessega Belie. 2009. Honeybee Production and Marketing Systems, Constraints and
Opportunities in Burie District of Amhara Region, Ethiopia. MSc.thesis, Bahridar
University, Pp 116.
Teweldebrhan Gebreziabher. 2012. Honey bee and climate change in the Era of Industrial
pollution. Proceeding of the 3rd APi Expo Africa, Held at Addis Ababa, Sept.26-29,
2012. Addis Ababa, Ethiopia.
Teweldemedhn Gebretinsae Yayneshet Tesfay.2014. Honeybee Colony Marketing Practices
in Werieleke District Of The Tigray Region, Ethiopia. Bee World, 91(2):  30-35.
94
Thrusfield M .2005. Veterinary Epidemiology. 3rd edition, Blackwell Science Ltd., London.
pp. 232-242.
Tolera Kumsa and Dejene Takele.2014.Assessment of the effect of seasonal honeybee
management on honey production of Ethiopian honeybee (Apis mellifera) in modern
beekeeping in Jimma Zone. Research Journal of Agriculture and Environmental
Management.3(5):246-254.
Topolska Grazyna and Hartwig A.2005.Diagnosis of Nosema apis Infection by investigations
of Two kinds of samples: Dead bees and Live bees. Journal of Apicultural Science, 49
(2):75-79.
UNEP.2011. Climate Change and Development Adopting by Reducing Vulnerability (CC
DARE) Spurs Bee Farming in Ethiopia Charting Local solutions to addressing Food
Crisis and unemployment. A joint UNEP/UNDP program for Sub Afria.
USAID (United States Agency for International Development) Ethiopia, 2008. Sector
assessment and identification, Kilte Awlaelo incorporating sector assessment/
identification into a graduation pilot for safety net beneficiaries in Kilte Awlaelo, pp: 42.
Vanengelsdorp D. and Meixner M.D .2010. A historical review of managed honey bee
populations in Europe and the United States and the factors that may affect them. J
Invertebr Pathol, 103:80-95.
Vanengelsdorp D., Hayes J.Jr., Underwood R.M. and Pettis J .2008. A survey of honey bee
colony losses in the U.S., fall 2007 to spring 2008. PLoS ONE 3.
Vanengelsdorp D., Lengerich E., Spleen A., Dainat B., Cresswell J., Bayliss K., Nguyen K.
B., Soroker V., Underwood R., Human H., Le conte Y., Saegerman C . 2013. Standard
epidemiological methods to understand and improve Apis mellifera health. In V
Dietemann; J D Ellis, P Neumann (Eds).The COLOSS BEEBOOK: Volume II: Standard
methods for Apis mellifera pest and pathogen research. Journal of Apicultural Research
52(4).
95
Williams J.L .1997. Insects: Lepidoptera (moths). In R Morse; K Flottum (Eds). Honey bee
pests, predators, and diseases. The AI Root Company; Ohio, USA. pp. 121-141.
Wilson R.T. 2006. Current status and possibilities for improvement of traditional apiculture in
sub-Saharan Africa. Livestock Research for Rural Development 18 (8):1-14.
Workneh Abebe and Puskur R .2011. Beekeeping Sub Sector Challenges and Constraints in
Atsbi Wemberta District of Eastern Zone, Tigray Region, Ethiopia. J. Agric. Ext. and
Rural Dev., 3(1): 8-12.
Workneh Abebe, pusker R and Karippai, R. 2008. Adapting improved box hive in Atsbi
wemberta District of Eastern Zone, Tigray Region: determinants and financial benefits.
IPMs Farmers Project Working Paper 10 ILRI (International Livestock Research
Institution). Nairobi, Kenya. pp30.
Workneh Abebe. 2011. Identification and documentation of indigenous knowledge of
beekeeping practices in selected districts of Ethiopia. Journal of Agricultural Extension
and Rural Development, 3(5): 82-87.
Yucel B. and Dogaroglu. 2005. The Impact of Nosema apis Z. infestation of Honeybee
(Apismellifera L.) Colonies after Using Different Treatment Methods and their Effects
on the Population Levels of Workers and Honey Production on Consecutive Years.
Pakistan Journal of Biological Science, 8(8):1142-1145.
96
APPENDIX
Appendix table 1.Traditional management practices to control honeybee pests and predators
Pests and
Predators
Local name Scientific name Local control methods
Ants Tsats,gobey Dorylus fulvus Wood ash dusting, placing the hive stand on
bowl of tin or plastic filled with water and/
used engine oil, wrapping hive stand with
used engine oil, clean apiary
Wax moth Tsimblali’e,
firfirta
Acheroea grisella Making colonies strong, regular change of
old foundation sheet and removing infected
combs, plastering cracks using cow dung,
killing at night using light
Bee-eater
birds
E’uf Merops sp. Scaring away using slingshots, using any
pole with similar symbol of man, remove
branches of trees
Honey
badger
Titgi Mellivera Capensis Using dog, strong fencing off, killing,
placing stones on the outer cover, tie the hive
body stand
Lizards Tebeq Agama agama Placing metal plates with small holes in the
entrance, placing spins (thorns) around the
entrance, killing, keep clean
Spiders Saret Latrodectusmactan Clean apiary, removal of spider’s web and
killing
Mites Qumal nihbi,
Qunchi nihbi,
Qumate,
Qurdid nihbi
Varraoa destractor Fumigation with natural plants (Olea
europaea,Plectanthus lanunginosus,Ocimum
basilicum,Sesame stover,Silene macrosolen,
Carissa edulis); Dusting of teff bran to the
bees, placing spins around the entrance
Death head
hawks moth
Gizwa, Anbesa
nihbi
Acheronatia atropos Lighting torch during night time and
physical killing, using spin around the
entrance
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Appendix table 2.Hygienic behavior of sample honeybee colonies
Sample
No
Beekeeper
(site) Wereda PA K E C T %
Remark
1 1 Atsbi Barka 103 3 0 106 100
2 1 Atsbi Barka 98 4 0 102 100
3 1 Atsbi Barka 108 2 0 110 100
7 6 Atsbi Akoren 98 2 0 100 100
8 6 Atsbi Akoren 97 1 0 98 100
9 6 Atsbi Akoren 101 0 0 101 100
1 8 Atsbi Hayelom 104 0 0 104 100
2 8 Atsbi Hayelom 105 3 0 108 100
3 8 Atsbi Hayelom 98 2 0 100 100
1 13 K/awlaelo Adikisanded 103 2 0 105 100
2 13 K/awlaelo Adikisanded 96 5 0 101 100
3 13 K/awlaelo Adikisanded 93 3 0 96 100
1 17 K/awlaelo A/Atsbeha 104 1 0 105 100
2 17 K/awlaelo A/Atsbeha 103 2 0 105 100
3 17 K/awlaelo A/Atsbeha 104 2 0 106 100
16 22 K/awlaelo Mesanu 98 2 0 100 100
17 22 K/awlaelo Mesanu 104 3 0 107 100
18 22 K/awlaelo Mesanu 112 2 0 114 100
1 23 Ahferom L/m/tsemri 114 4 0 118 100
2 23 Ahferom L/m/tsemri 102 1 0 103 100
3 23 Ahferom L/m/tsemri 104 3 0 107 100
1 29 Ahferom Sero 105 3 0 108 100
2 29 Ahferom Sero 108 2 0 110 100
3 29 Ahferom Sero 110 0 0 110 100
1 34 Ahferom Mysuru 107 0 0 107 100
2 34 Ahferom Mysuru 108 2 0 110 100
3 34 Ahferom Mysuru 107 3 0 110 100
1 39 K/Temben B/shika 107 3 0 110 100
2 39 K/Temben B/shika 105 5 0 110 100
3 39 K/Temben B/shika 109 1 0 110 100
1 44 K/Temben W/amba 110 0 0 110 100
2 44 K/Temben W/amba 96 2 0 98 100
3 44 K/Temben W/amba 104 3 0 107 100
1 49 K/Temben Limat 97 3 0 100 100
2 49 K/Temben Limat 100 2 0 102 100
3 49 K/Temben Limat 100 3 0 101 100
98
1 55 D/Temben D/nathret 110 0 0 110 100
2 55 D/Temben D/nathret 98 2 0 100 100
3 55 D/Temben D/nathret 106 4 0 110 100
1 61 D/Temben Aynbrkekin 105 5 0 110 100
2 61 D/Temben Aynbrkekin 99 1 0 100 100
3 61 D/Temben Aynbrkekin 104 1 0 105 100
1 66 D/Temben Adiazmera 94 6 2 100 100
2 66 D/Temben Adiazmera 106 4 0 110 100
3 66 D/Temben Adiazmera 105 3 1 108 100
1 72 S/Samre Dekera 110 0 0 110 100
2 72 S/Samre Dekera 108 2 0 110 100
3 72 S/Samre Dekera 106 4 0 110 100
1 77 S/Samre Mytekli 107 3 0 110 100
2 77 S/Samre Mytekli 107 3 0 110 100
3 77 S/Samre Mytekli 103 7 0 110 100
1 83 S/Samre W/Adekal 107 3 0 110 100
2 83 S/Samre W/Adekal 99 1 0 100 100
3 83 S/Samre W/Adekal 106 0 0 106 100
Brood cell before pined Brood cells removed after 24 hours
Appendix figure 1.Honeybee diseases Laboratory examination
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Appendix figure 2.Different honeybee pests and predators and disease
Small black ants (‘’Tsatse’’) Silken galleries of Wax moth (‘’Tsimblali’e’’)
Small lizard Death’s head hawks moth (‘’Gizwa’’
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Appendix table 3. Widely used Agrochemicals in the study areas and their uses
Trade name Common
name
Nature Uses
Ethiothoate
40% E.C
Dimethoate Pesticides For the control of Aphids on field beans,
stock borer, cabbages and potato
Ethiozinon
60% EC
Diazinon Pesticides For the control of pests of cereals, vegetables
and oil seeds
Ethiolation
50% EC
Malathion Pesticides For the control of agricultural crop pests
Ethiotrothion
50% EC
Fenithrothion Pesticides For the control of different insect pests of
field crops
Karate
5% Ec
Karate Pesticides Used to control a wide range of insect pests in
different field crops, vegetables and fruits
Dursban
48% EC
Dursban Pesticides To control termites and other insects
Agro- 2,4-D
amine 720g/l
A.E
2,4-D
720 g/l A.E
Herbicides For the control of broadleaf weeds in wheat,
barley, teff, maize and sorghum
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Appendix figure 3.Agrochemicals on the market in the study areas
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Appendix table 4. QUESTIONNAIRE FOR BEEKEEPERS
General
1.1 Date of interview-----------------------
1.2 Region ----------------------- 1.3. Zone ---------------- 1.4. Woreda -----------------
1.5. PA/Kebele ------------------- 1.6. Village (Got) ----------------
Part 1. Household characteristics
1.1. Name of the respondent ---------------------------------------
1.2. Sex:  1= Male 2= Female
Age: 1= 18-30 2= 31-45 3= Above 45
1.3. Marital status 1. Single   2. Married 3. Divorced 4. Widow  5. Widower
1.4. Education of the interviewee
1= Illiterate 2= Can read and write 3= Primary education (1-4)
4= Junior (5-8) 5= Secondary education (9-12)   6= College 7. Other (specify)-------------
-
1.5. Number of family members: 1= below 5 2= 6-12 3= Above 12
1.6. Religion of the household
1= Orthodox   2= Muslim 3=Catholic 4= Protestant 5= other (specify)
1.7. Do you own livestock? 1= Yes 2= N0
If yes, what type of livestock you have?
Lives.spp Cattle Sheep Goat Poultry Donkey Mule Camel
No.
1.8. Do you own land? 1= Yes 2= No
If yes what is the size of land holding (hectare) 1= below 1 2=above 1
1.9. What are the major crops grown in your area? Teffe 1 =Yes,    2= No Maize
1=Yes, 2.No Wheat =Yes, 2= No Sorghum 1=Yes,   2= No Barley 1=Yes, 2=No
pulses 1=Yes 2.No
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Vegetables 1=Yes 2=No Fruits 1=Yes   2=No
Part2. Beekeeping Activities
2.1 Do you keep honeybees? 1. Yes 2. No
2.1.1. If yes, when did you start beekeeping? Traditional________ Frame hive______year (s).
2.2 How do you start beekeeping for the 1st time?
1= Gift from parents 2= Catching swarms 3= Buying 4= package 5= others
2.3 What is the source of your colony number?
1= Catching swarms 2= Buying 3= Package 4= Multiplication 5= others----
2.4 If your answer is multiplication, what methods you use? 1= Splitting 2=Overcrowding 3=others-
2.5 How do you use beekeeping? 1= Main income 2= Sideline 3=Commercial
2.6 If your answer is main income, what is the rank of beekeeping in your livelihood?
1= Livestock  2= Crop  3=Beekeeping  4= others (specify)--
2.7 Does the bee colony sale in your locality?  1. Yes 2. No
2.4.1 If yes, what is the price of one colony (ETB)? Stong.________Medium______
2.8 How many honeybee colonies do you owned?
N0. Years
(E.C)
Traditional Movable frame Intermediate
Cololy Total
honey
obtained
(kg)
honey
yield
(kg/hive)
No. Total
honey
obtained
(kg)
honey
yield
(kg/hive)
No. Total
honey
obtained
(kg)
Honey
yield
(kg/hive)
1 2006
2 2005
3 2004
4 2003
5 2002
2.9 Where do you keep your bee colonies?
1=Backyard 2= Inside house    3=Closure areas 4= Hang on trees 5=others (specify)
2.10 For how many years your colony remains or stays in the hive?
No. Status of survival Traditional Movable frame Intermediate
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1 Minimum(years)
2 Maximum (years)
2.11 Does absconding occur in your bee colony? 1= Yes         2= No
2.11.1 If yes, list the number of absconded hives you have:
No. Types of hive Unit 2006 2005 2004 2003 2002 Total
1 Traditional No.
2 Movable frame No.
3 Intermediate No.
Total No.
2.11.2 What are the major causes for absconding? 1= Forage scarcity 2= pests &predators
3= disease & parasites 4=.Weather 5.Others (specify) ----
2.12 What is the trend of your bee colony number? 1= decrease 2= increase 3= no change
2.13 What is the trend of your bee colony honey yield? 1= decrease 2= increase 3= no change
2.13.1. If there is a decrease in trend in the number of bee colonies and honey yields over the year,
what are the causes in order of importance?
No. Causes Rank
1 Lack of bee forage
2 Lack of water
3 Drought
4 Migration
5 Absconding
6 Pests and predators
7 Diseases
8 Pesticides and herbicides
Application
9 Death of colony
10 Decrease in price of honey
11 Increased cost of production
12 Luck of credit
13 Others (specify)
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2.14 What are the major pests and predators found in the area that threat your colonies? List in order
of importance:
No. Pest /Predators Rank Season of occurrences Effect * Local control
1 Ants
2 Wax moth
3 Bee lice/mites
4 Beetle
5 Spiders
6 Wasps
7 Prey mantis
8 Toads
9 Lizard
10 Snake
11 Monkey
12 Birds
13 Hamagot
/Shelemetmat/
14 Others (specify)
*Effect= 1.colony dwindle 2.colony death 3.Absconding 4. Direct honey loss
2.15 Do you observe any honeybee diseases in your apiary? 1. Yes 2.No
2.15.1 If yes, what are the diseases you observed?
No. Local
name
Stages of
affected
1.Adult
2.Brood
Symptoms Incidence
period
Effect * Local control
1
2
3
4
*Effect= 1.colony dwindle 2.colony death 3.Absconding 4. Direct honey loss
2.15.2. In which hives your colonies do more likely affected by the diseases?
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No. Types of hives If yes put reasons
1 Traditional 1.Yes    2.No
2 Movable frame 1.Yes    2.No
3 Intermediate 1.Yes    2.No
2.16 Which of your colonies were more likely to be infected by the above factor?
1= Strong 2=Weak 3=Medium 4= All
2.17 What are the Behavioral characteristic features of your honeybees?
1=Docile 2=Medium 3=Aggressive
2.17.1 Which one is productive in terms of honey production?
1=Docile 2= Medium 3=Aggressive
2.17.2 Which one is more defensive against any pests and diseases?
1=Docile 2=Medium 3= Aggressive
2.18 What is the average honey yield of a colony in a year?
2.18.1. Infected _________________ Kg/hive
2.18.2. Uninfected _______________Kg/hive
2.19 What abnormality have you observed in the combs in the infected colonies?
___________________________________________________________________________
2.20 Do you think that the infected colony affects the other healthy colonies? 1=Yes
2=No
2.20.1 If yes, what are the transmission mechanisms? 1=Materials 2= Honey
3= Robbing 4=Wind 5.Common feeding 6=Others (spefcify)---------
Part 3. Bee colony management and honey
3.1 Do you visit and inspect your beehives and colonies? 1. Yes____2. No_____
3.1.1 If yes, which type of inspection you perform?
3.1.2 External hive inspection 1. Yes _____ 2. No______
3.1.3 Internal hive inspection 1. Yes _____ 2. No______
3.1.4 Frequency of inspection
3.1.4.1 External hive inspection: (circle one or more)
1. Frequently 2. Sometimes 3. rarely
3.1.4.2 Internal hive inspection: (circle one or more)
1. Frequently 2. Sometimes 3. Rarely
3.1.2 If no inspection, what is the reason? _____________________________
3.2 Do you clean your apiary? 1. Yes 2. No
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If no why? ____________________________________________________________________
3.3 When the following major activities occur in your locality?
No. Major activities Season(s) of occurrence
1 Brood rearing period
2 Colony Swarming
3 Colony Migration
4 Colony Absconding
5 Honey flow season
6 Honey harvesting time
7 Dearth period
3.4 Do you feed your honeybee colonies? 1. Yes 2. No
3.4.1. If yes, when do you feed your honeybees? (Months): ___________________
3.4.2. What kind of feed you offer to your honeybees?_____________________________________
3.5. Do you practice migratory beekeeping? 1. Yes 2. No
3.5.1. If yes, what are your reasons for bee colony migration?
1. Crop pollination 1. Yes 2. No
2. Honey production 1. Yes 2. No
3. Fetch of forage and water 1. Yes 2. No
4. Disease control 1. Yes 2. No
5. Agrochemicals prevention 1. Yes 2. No
3.6 Where do your honeybees get water?
1=Pond 2=Running river 3= Stagnant water 4=Watering 5= Others (specify)------
3.7 Does swarming occur in your colonies or locality? 1= Yes 2=No
3.7.1. If your response is yes, how many swarms per colony? ____________________________
3.7.2 How many of the swarmed colony is splitted for the next generation? ________
3.7.3 When does swarming occur more frequently? (Months)--------------------------------
3.7.4 Is swarming advantageous to you? 1. Yes 2. No
3.7.4.1. If yes, describe the reason(s)
1. To increase my number of colony 1. Yes 2. No
2. To sale and get income 1. Yes 2. No
3. To replace non-productive bee colonies 1.Yes 2.No
4. Others specify: ______________________________________________
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3.7.3.1. If No, describe the reason_________________________________________
3.8 What types of honey you produced?
Honey
type
1=Yes
2=No
Common
(Rank)
Market place
1.farmgate       2.wereda market
3.outside wereda,    4.tej house
5.no sale
Honey
Price per kg at
Farm
gate
Market
White
Yellow
Red
Sergen
Others
3.9 From where do you get the beeswax? 1=Own 2=Market 3=wereda input 4=tej
house 5=No use 6=Others (specify)---------------------------
3.9.1 How do you evaluate its quality? 1. Good 2.Bad
3.9.2 If bad, what was the effect?_____________________________________________
4. Agrochemicals
4.1 Do you use agrochemicals/chemicals in your locality? 1. Yes 2. No
4.1.1. If yes, why do you apply agrochemicals/chemicals?
1. Crop pests control 1. Yes 2. No
2. Weeds control         1. Yes 2. No
3. Malaria control       1. Yes 2. No
4. Livestock acarines control 1. Yes 2. No
5. Others (specify): _____________________________________________
4.2 What types and when do you use agrochemicals/chemicals (table below)?
Type of chemicals Target use
(Use codes)
Crop types to
be used for
Formulations
(use codes)
Months of application
Irrigation Rain fed
Target use codes: 1= insecticide 2= herbicides 3=fungicide 4=others
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Formulations code: 1=dust/powder 2=liquid spray 3=granules 4=bait 5= others
4.3 Where do you buy the pesticides? 1. Vendors   2.Open markets, 3.Wereda OoARD 4= Others-
4.4 Do agrochemicals/chemicals affect your honeybees? 1= Yes 2=No
4.4.1. If yes, how many colonies did you lost due to chemicals? When? (Year and months)
Year (E.C) Absconded Dwindled Died Migrated
2006
2005
2004
2003
4.4.2 Where is the effect more frequent? 1= inside hives, 2= in field, 3= in water bodies  4=Others--
4.4.3 What is the estimated honey you lose? _____kilograms.
What will be the estimated price? ______ETB
4.4.4 What measures do you take to protect your bee colonies from agrochemicals /chemicals?
_______________________
Thank you!
